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1. EXECUTIVE SUMMARY

1.1 BACKGROUND AND OVERVIEW
During the past 25 years, concern for lead toxicity in children has steadily increased

with mounting evidence for the subtle but serious metabolic and developmental effects of lead
exposure levels previously thought to be safe. Childhood lead poisoning was formerly
considered a severe medical problem usually traced to swallowed chips of peeling lead-based
paint. Scientific evidence has systematically revealed deleterious effects of environmental
lead at lower levels of exposure. Federal agencies such as the U.S. Environmental
Protection Agency (EPA) and the Centers for Disease Control and Prevention (CDC) have
repeatedly lowered the level of concern for children's lead burden that recommends
environmental or clinical intervention—from a blood lead level of 30 ng/dL established in
1978 by CDC to 25 ng/dL in 1985 Oust prior to the start of this project), then to the present
level of 10 ng/dL (defined in October 1991 by CDC as a blood lead level that should trigger
community-wide prevention activities if found in many children).

The Urban Soil Lead Abatement Demonstration Project (USLADP), known also as the
"Three City Lead Study", was authorized in 1986 under Section lll(b)(6) of the Superfund
Amendments and Reauthorization Act (SARA), which mandated that EPA conduct soil lead
abatement projects in up to three U.S. cities (SMSA's). The purpose of the project was to
determine whether abatement of lead in soil could reduce the lead in the blood of inner city
children. It did not attempt to compare the relative effectiveness of alternative soil abatement
methods.

The project began in December 1986 with the appointment of a U.S. EPA steering
committee la develop recommendations for implementing the SARA lead-in-soil abatement
demonstration project. A panel of experts was formed in early 1987 to assist U.S. EPA in
defining a set of criteria for selection of sites and the minimum requirements for a study at
each site. The panel also met in mid 1987 to discuss technical issues and study designs and
to evaluate technical criteria for selection of urban areas as potential soil-lead abatement
demonstration project sites, ultimately leading by the end of 1987 to the selection of Boston,
Baltimore, and Cincinnati as the participating cities.
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The individual studies in each city were designed around the concept of participating
families within a definable neighborhood. These families and their living units were pan of
a study group, either a treatment group or a control group. Each study group was sampled
during preabatement and postabatement phases of the studies carried out in each city. Prior
to and after abatement, blood lead levels were ascertained and the environment of the child
was extensively evaluated through measurements of lead in soil, dust, drinking water, and
paint, and through questionnaires about activity patterns, eating habits, family activities, and
socuneconomic status (SES). Because of the complex nature of this exposure assessment,
intermediate exposure indices, such as street dust, house dust, and hand dust were measured
in some study groups. The objective of the preabatement phase was to determine the
baseline exposure history and status (stability of the blood lead and environmental measures)
prior to abatement. During the postabatement phase, samples were taken to confirm the
effectiveness of abatement actions in reducing lead in the abated media, to measure the
duration of the effect of soil abatement, and to detect possible recontamination. Blood lead
measurements were also obtained postabatement to ascertain abatement impacts at various
postabatement intervals.

Research teams in each city included state and/or local health department personnel,
academic researchers from local universities, and/or various other institutions (including in
Boston participation by U.S. EPA Region I Laboratory personnel). Protocols for the
environmental and blood lead measurements were developed by a Scientific Coordinating
Committee composed of representatives from each city's research team, three pertinent EPA
Regional Offices (I, HI, V), EPA/Office of Solid Waste and Emergency Response,
EPA/Office of Research and Development (ORD), and the CDC. Lead responsibility for
coordinating technical oversight for the project fell to EPA/ORD. This was accomplished
mainly via a series of workshops (2 to 3 per year) organized by ORD's Environmental
Criteria and Assessment Office in Research Triangle Park, NC (ECAO/RTP)1, at which
efforts were made to standardize measurement methods across the three individual city
studies, compare approaches to statistical analyses used by each research team, and,

'ECAO/RTP, formerly within ORD's Office of Health and Environmental Assessment (OHEA), is now a unit
within ORD's National Center for Environmental Assessment (NCEA).
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ultimately, to obtain external peer review of the results of the studies contained in the
individual city reports2.

This report, then, is an integrated assessment of data from the above-noted coordinated
longitudinal studies of children in urban neighborhoods of three cities (Boston, Baltimore,
Cincinnati), where intervention into soil lead exposure pathways was expected to reduce the
children's blood lead. Many cross-sectional studies of childhood lead exposure have
previously shown that differences in soil lead exposure are associated with differences in
blood lead concentrations, but they did not evaluate the effectiveness of intervention steps in
terms of demonstrating that reductions in external exposure to lead from soil result in
reductions in blood lead concentrations. Thus, a unique aspect of this project is that it
measures response to intervention, not to contamination. Because of the physiology of lead
mobilization in body tissues, there is a difference between the rate of change in a population
with increasing lead exposure and in one with decreasing exposure. In other words, the
decrease in blood lead concentrations in response to intervention was not expected to be at
the same rate as an increase in blood lead concentrations in response to increasing exposure.

The relationship between soil lead and blood lead is an indirect relationship in the sense
that children most commonly do not eat soil directly, but rather they mainly ingest small
amounts of dust derived, in part, from soil. In the child's environment, dust is only one of
several sources of lead that also include food, air, and drinking water. Likewise, the lead in
blood reflects not only recent exposure from these sources but also the lead from
accumulated body stores in bone and other tissues, which is released to blood by biokinetic
processes that distribute and redistribute lead between blood and other body tissues.

1.1.1 Comparison of Study Hypotheses
The SdHtific Coordinating Committee attempted to establish uniformity among the

three studktfbr major aspects of the project. This required a study plan from each city that
was discussed and reviewed at several early planning workshops. Although there were
differences in form and content, each study plan contained

• a statement of the objectives of the study;

2Each of the three individual city reports prepared by the research teams from Boston, Baltimore, and Cincinnati,
are appended to this U.S. EPA Integrated Report.
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• a testable hypothesis that provided direction and focus to the study;

• protocols for collecting and analyzing the data;

• an array of treatment groups that addressed all features of the hypothesis;

• measures to be taken to ensure that all phases of the study would be conducted as
planned; and

• procedures by which the results of the study would be processed, analyzed, and
interpreted.

The objectives, protocols for sampling and analysis, quality assurance/quality control
(QA/QC) plans, and data processing procedures were nearly identical for all three studies.
Elements that differed among the three studies were the hypotheses and the varying array of
treatment groups. The hypotheses differed only slightly, as seen from the following
statements.

The overall central hypothesis of the USLADP is:
Reduction of lead in residential soil accessible to children will result
in a decrease in their blood lead concentration.

The formal statement of the Boston hypothesis is:
A significant reduction (equal to or greater than 1,000 ug/g) of lead
in soil accessible to children will result in a mean decrease of at
least 3 ug/dL in the blood lead levels of children living in areas with
multiple possible sources of lead exposure and a high incidence of
lead poisoning.

The initial Baltimore hypothesis, stated in the null form, was:
A significant reduction of lead Cz 1.000 ug/g) in residential soil
accessible to children will not result in a significant decrease
(3 to 6 ug/dL) in their blood lead levels.

The Mtimore hypothesis, based on actual residential soil lead values averaging less
than 1,000 ug/g, was later revised by U.S. EPA for statistical analyses purposes:

A one-time reduction of at least 500 ppm in the maximum lead
concentration in yard soil, even when not accompanied by abatement
of household dust or lead paint inside the child's apartment or
residence unit, will not result in a reduction of blood lead in children
living in housing in which exterior lead paint has been stabilized.
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The Cincinnati hypothesis was separated into two parts:

(1) A reduction of lead in residential soil accessible to children will result
in a decrease in their blood lead levels.

(2) Interior dust abatement, when carried out in conjunction with exterior
dust and soil abatement, would result in a greater reduction in blood
lead than would be obtained with interior dust abatement alone, or
exterior dust and soil abatement alone.

Secondary hypotheses in the Cincinnati study are:

(3) A reduction of lead in residential soil accessible to children will result
in a decrease in their hand lead levels.

(4) Interior dust abatement, when carried out in conjunction with exterior
dust and soil abatement, would result in a greater reduction in hand
lead than would be obtained with interior dust abatement alone, or
exterior dust and soil abatement alone.

The array of treatment groups differed considerably among the three studies
(Table 1-1). In each study, the treatment groups had several features in common. The
groups were taken from demographically similar neighborhoods. All groups had some prior
evidence of elevated lead exposure, usually a greater than average number of public health
reports of lead poisoning. Three phases were employed in each study: a preabatement
baseline phase for 3 to 18 mo; an abatement or intervention (except for controls) phase; and
a postabatement follow-up for 10 to 23 mo.

1.1.2 Study Design and Conduct
Table 1-1 describes the study groups and the forms of intervention employed in each of

the three cities. The Cincinnati study design used intervention on the neighborhood scale,
where the soil at parks, play areas and other common grounds were abated, and paved
surfaces in tke neighborhood were cleaned of exterior dust. In Boston and Baltimore, only
soil on individual properties was abated. Table 1-2 shows the number of subjects
participating in different phases of the three studies in relation to the respective participant
groups for each city. The general characteristics are that soil lead concentrations are
typically high in Boston, where it is also common to find lead in both exterior and interior
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TABLE 1-1. DESCRIPTION OF STUDY GROUPS AND TYPES OF
____________________INTERVENTION___________________

Treatment Group Cross-Reference to
Name*_____Individual Study Report__________Description of Treatment

BOSTON
BOS SPI Study Group Soil and intehor dust abatement, and interior paint

stabilization at beginning of tint year, no further
treatment.

BOS PI-S Control Group A Interior dust abatement and interior paint stabilization at
beginning of first year. Soil abatement at beginning of
second year.

BOS P-S Control Group B Interior paint stabilization at beginning of first year. Soil
abatement at beginning of second year.

BALTIMORE
BAL SP Study Area Soil abatement and exterior paint stabilization at beginning

of first year, no further treatment.

BAL Plb Control Area Exterior paint stabilization at beginning of first year, no
further treatment.

BAL P2b Study Area Not Abated Exterior paint stabilization at beginning of fust year, no
further treatment because soil not above cut-off level.

CINCINNATI
CIN SEI (P) Area A Soil, exterior dust, and interior dust abatement at

beginning of first year, no further treatment. Includes
only the Pendleton neighborhood.

CIN I-SE Area B Interior dust abatement at beginning of first year, soil and
(B,D,F)C exterior dust abatement at beginning of second year, no

further treatment. Includes the Back St., Dandridge and
Findlay neighborhoods.

CIN NT (G,M)C Area C No treatment, soil and interior dust abatement following
last sampling round. Includes the Glencoe and Mohawk

__________________________neighborhoods.______________________

*The treaOMB group designation indicates the location of the study (BOS * Boston, BAL * Baltimore,
CIN » Ctacteati), the type of treatment (S * soil abatement, E * exterior dust abatement, I * interior dust
thiKiiH*1**. P • loose p»"«* stabilization, NT « no treatment).

'Treated as one group in the Baltimore report, analyzed separately in mis report.
'Treated as one group for many of the analyses in the Cincinnati report, analyzed as individual neighborhoods
in this report.
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TABLE 1-2. NUMBER OF PROJECT PARTICIPANTS BY ROUND*
Study
BOSTON

Middatc

Children"

Famliesc

Properties"

BALTIMORE

Middate

Children"

Families'

Properties'1

Round 1 Round 2

10/17/89 4/9/90

150 146

125 121

100 %
^

Round I Round 2

10/25/88 4/1/89

168 165

119 116

106 104

Round 3 Round 4

9/12/90 7/20/91

147 92

122 77

97 67

Round 3 Round 4 Round 5 Round 6

2/17/90 1/27/91 6/7/91 9/3/91

198 190 186 182

131 126 122 122

115 112 105 110

CINCINNATI

Middate

Children"

Families'

Properties'1

Round 1

7/6/89

201

129

215

Round 3

11/14/89

185

123

245

Round 4

7/1/90

219

122

245

Round 6

11/17/90

198

168

243

Round 7

6/16/91

169

142

245

'Number shown is based on samples taken and does not include individuals enrolled but not sampled.
Intervention is shown by the vertical daihed lines.

"Based on number of children sampled for blood. Some children may not have been included in the statistical
analyses.

cBased on number of households sampled for dust.
dBased on number of properties (Boston. Baltimore) or soil parcels (Cincinnati) sampled.

paint, as wefl as in drinking water. In the Boston areas studied, housing is typically single
and multi-family units with relatively large lot sizes. In the Baltimore neighborhoods, the
houses were mixed single and multifamily, and the lots were smaller man Boston lots, with
typical yards less than 100 m2. Nearly every house had lead-based paint. Residential units
in Cincinnati were mostly multifamily with little or no soil on the residential parcel of land.
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1.1.3 Intervention Procedures
Figure 1-1 illustrates the generalized concept of human exposure to lead, showing the

pathways of tead from the several sources in the human environment to four compartments
immediately proximal to the individual. In the past decade, dramatic reductions in exposure
to lead in air and food have occurred as a result of regulatory and voluntary programs to
reduce lead in gasoline and canned food. Figure 1-2 expands the critical dust pathway to
show the complexity of the many routes of dust exposure for the typical child. The
strategies for intervention used in this project were designed to interrupt the movement of
lead along one or more of these dust pathways.

Auto • industrial Crustal
Emissions Emissions Weathering

Ambient *" e.»a ___ Surface and
Air -————T 50" Ground W«sr

Paint
Industrial

Ousts
Plants ———- Animate

Solder
LMdQIazss

IT T < T T 1 ?

Inhaled r*^tm c««u4 DfWdou*b UlflCS ————*• rood ••——i ^

- Chid .*

Figure 1-1. Generalized concept of the sources and pathways of lead exposure in

There were three forms of intervention in this project: (1) soil abatement, (2) dust
removal, and (3) paint stabilization. Soil abatement was by excavation and removal,
followed by replacement with clean soil (<SO jtg/g). Dust intervention was by vacuuming,
wet mopping, and, in some cases, replacement of rugs and upholstered furniture. Cincinnati
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Figure 1-2. Typical pathways of childhood exposure to lead in dust.

and Boston performed interior dust abatement, and Cincinnati also removed neighborhood
exterior dust with mechanical sweepers and hand tools. Dust intervention was not expected
to be permanent, because dust continually moves through the human environment. Instead,
the removal of dust with elevated lead concentrations was expected to expedite the impact of
soil abatement on the child's environment.

In the home, house dust is a mixture of street dust and soil dust, interior and exterior
paint dust, workplace dust carried home by adults, and dust generated from human activities
within the household. It is believed that most of the mass of the interior dust originates from
soil immediately exterior to the home, but this can vary greatly by the types of family
activities and by aeighborhood characteristics. Nevertheless, in the absence of lead-based
paint inside the home, it would seem reasonable to assume that most of the lead in household
dust comes from soil and other sources immediately outside the home.

Many of the Boston and Baltimore households selected for the project had chipping and
peeling lead-based paint, berth interior and exterior. In order to reduce the impact of this
paint, the walls and other surfaces were scraped and smoothed, then repainted. It is
important to note that this approach is not a full scale paint abatement and was not designed
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to permanently protect the child from lead-based paint. Paint stabilization was used on
interior surfaces in Boston, and on exterior surfaces in Baltimore. Paint stabilization was not
used in Cincinnati, because the lead-based paint was believed to have been removed from
these homes in the early 1970s as pan of a housing rehabilitation project.

In order to accurately measure the effectiveness and persistency achieved by soil
abatement and the impact of this abatement on reducing lead exposure for children, the
sampling and analysis plans for soil and dust required robust quality control and quality
assurance objectives. Protocols were developed to define sampling schemes that characterize
the expected exposure to soil for children; collect, transfer, and store samples without
contamination; and analyze soil, dust, hand wipe, and blood samples in a manner that would
maximize interlaboratory comparison. The original design focussed on sampling blood lead
during the late summer, as it was known that the seasonal blood lead cycle peaks during this
time. Where this schedule could not be adhered to, an effort was made to schedule the
follow-up blood lead sampling at a comparable time in the cycle.

Information on area treated and volume of soil removed from each of the three cities
properties appears in Table 1-3. A total of 35 Boston properties were abated during the
study. In Baltimore, 63 properties in the BAL SP treatment group (see Table 1-3) were
abated between August and November 1990. An additional seven properties that did not
meet the requirements for abatement were transferred to a control group. Unpaved surfaces
were divided into areas on each property (usually front, back, and one side) and any area
with the maximum soil lead concentration above 500 ng/g was abated entirely.

Within each of six neighborhoods, the Cincinnati study identified all sites with soil
cover as discrete study sites. The decision to abate was based on soil lead concentrations for
each parcel of land, and for the depth to which the lead had penetrated. Lead was measured
at two depths, die top 2 cm and from 13 to 15 cm. If die average concentration of the top
and bottom maples was greater than or equal to 500 /*g/g, the soil was removed and
replaced. If the average of the top samples exceeded 500 /*g/g, but the average of the
bottom samples was less than 500 /xg/g, the soil was also abated. Ground cover was
reestablished on abated soils and some unabated soils according to protocols described in the
Cincinnati Report (appended).
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TABLE 1-3. SOIL ABATEMENT STATISTICS FOR THE THREE STUDIES

Number of properties'
Surface area (m2)
Volume soil removed (m3)
Surface area/property (m2)
Volume soil/property (m3)

Boston
35

7,198
1,212

200
34

Baltimore
63

4,100b

690
73
llb

Cincinnati
171

12,089
1,813

71
11

'Includes only properties abated during the study. Properties abated at the end of the study, where no further
sampling was reported, are not included in this analysis, but are included in the individual study reports.
In Cincinnati, a property is the location of the soil abatement, not the location of the child's residence.

"Surface area not provided by Baltimore report. This was calculated using Boston volume-to-surface ratio,
which is equivalent to an average removal depth of 17 cm.

Exterior dust abatement was performed in the Cincinnati study only. The approach to
this abatement was to clean all types of hard surfaces where dust might collect, using vacuum
equipment that they tested and found to remove about 95% of the available dust on the area.
The dust surface categories were streets, alleys, sidewalks, parking lots, steps, and porches.

Dust measurements were made in a manner that determined the lead concentration
(micrograms of lead per gram of dust), the dust loading (milligrams of dust per square
meter), and the lead loading (micrograms of lead per square meter) for the surface measured.
This required that a dry vacuum sample be taken over a prescribed area, usually 0.25 to
0.50 m2. It is important to note that dust abatement is not expected to cause an immediate
change in the lead concentration on dust surfaces, only in the dust and lead loading.

Household dust was abated in the Boston and Cincinnati studies, but not in Baltimore.
The BOS SPI mA CIN SEI groups (see Table 1-1) received interior dust abatement at the
same time as Ml abatement, the BOS PI-S group received interior dust abatement without
soil abatement, and the three CIN I-SE neighborhoods received interior dust abatement in the
first year, followed by soil and exterior dust abatement in the second year.

In Boston, interior dust abatement was performed after loose paint stabilization. Hard
surfaces (floors, woodwork, window wells, and some furniture) were vacuumed, as were soft
surfaces such as rugs and upholstered furniture. Hard surfaces were also wiped following
vacuuming. Common entries and stairways outside the apartment were not abated.
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The Cincinnati group performed interior dust abatement after exterior dust abatement
Vacuuming was followed by wet wiping with a detergent. They vacuumed hard surfaces and
replaced one to three carpets and two items of upholstered furniture per housing unit. Their
previous studies had shown that these soft items could not be cleaned effectively with
vacuuming alone.

Most homes in the Cincinnati group had undergone extensive rehabilitation, which was
believed to have removed the lead-based paint 20 years prior to the project, but in Boston
and Baltimore lead-based paint occurred in nearly every home. Because full paint abatement
was not within the scope of this project, the alternative was to retard the rate of movement of
lead from painted surfaces to household dust to the extent possible. The interior surfaces of
all Boston homes and the exterior surfaces of all Baltimore homes received loose paint
stabilization approximately one week before soil abatement.

In Boston, loose paint stabilization consisted of removing chipping and peeling paint
and washing the surfaces. Window wells were painted with a fresh coat of primer.
Baltimore homes were wet scraped over the chipping and peeling surfaces, followed by
vacuuming. The entire surface was primed and painted with two coats of latex paint.

1.2 SUMMARY OF INDIVIDUAL STUDY REPORTS
Following the completion of data collection and analyses, the research teams in each

city prepared individual study reports characterizing in detail the study design, procedures,
and results obtained in their respective cities. Some of the more salient features of each
study and key findings reported by the individual city investigators are summarized next.

1.2.1 Baton Study
The Bocton study retained 149 of the original 152 children enrolled, although

22 children moved to a new location while continuing in the study. Children with blood lead
concentrations below 7 pg/dL or above 24 pg/dL had been excluded from the study and two
children were dropped from some aspects of the data analysis when they developed lead
poisoning, probably due to exposure to lead-based paint abatement debris at a location away
from their home.
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Baseline characteristics (age, SES, soil lead, dust lead, drinking water lead, and paint
lead) were similar for the three study groups (BOS P-S. BOS PI-S. BOS SPI). The
preabatement average blood lead concentration was highest for BOS P-S. The proportion of
Hispanics was higher in BOS P-S than in BOS PI-S or BOS SPI, and the proportion of blacks
was lower There was a larger proportion of male than female children in BOS P-S.

Data were analyzed by analysis of covariance (ANCOVA), which showed a significant
effect of intervention for both the BOS PI-S and BOS SPI groups. These results did not
change following adjustment for age, sex, SES, or any other variable except race and paint.
When the paint variable was controlled, the blood lead declines were diminished and the
results were borderline statistically significant. When the race variable was added, the blood
lead declines were also diminished, and the results were not statistically significant.

Participants were chosen to be representative of the population of urban preschool
children who are at risk of lead exposure. The Boston Childhood Lead Poisoning Prevention
Program identified potential participants from neighborhoods with the highest rates of lead
poisoning. Because study candidates with blood lead levels below 7 /xg/dL or in excess of
24 /zg/dL at baseline were excluded from the study, no conclusion about the effect of abating
lead contaminated soil for children outside of this range can be made. Similarly, a different
effect might have been found for children having a greater blood lead contribution from soil,
such as in communities with smelters or other stationary sources where soil lead levels are
substantially higher than those seen in this study or where differences in soil properties result
in differences in bioavailability.

Follow-up blood lead measurements were made in Boston 11 months after intervention
and again at 23 months.

1.2.2 Batttaore Study
The Baltimore study recruited 472 children, of whom 185 completed the study; and of

those that completed the study, none were excluded from analysis. The recruited children
were from two neighborhoods, originally intended to be a treatment and a control group.
Because soil concentrations were lower than expected, some properties in the treatment group
did not receive soil abatement. The Baltimore report transferred these properties to the
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control group. In this report, the unabated properties in the treatment group are treated as a
separate control group.

Because of logistical problems, there was an extended delay between recruitment and
soil abatement that accounted for most of the attrition from the project. In their report, the
Baltimore group applied several statistical models to the two populations to evaluate the
potential bias from loss of participating children. These analyses showed that the two
populations remained virtually identical in demographic, biological and environmental
characteristics.

The Baltimore study provided limited information on the impact of house dust as a part
of the change in lead in the child's environment. The study design focused on changes in
biological parameters, hand dust and blood lead, over an extended period of time. There
were no measurements of exterior dust, no interior paint stabilization, and no interior dust
abatement. Except for the abated properties, there were no follow-up measurements of soil
lead concentrations.

Including the prestudy screening measurements of hand dust and blood lead in the
original cohort of participants, the Baltimore study included six rounds of biological
measurements that spanned 20 months, including postabatement measurements made at 2, 7,
and 10 months following abatement.

1.2.3 Cincinnati Study
The Cincinnati study recruited 307 children, including 16 children born to participating

families during the study, and an additional SO children who were recruited after the
beginning of the study. In their primary data analysis, the Cincinnati group excluded these
66 children who were recruited after the start of the study, plus 31 children who were living
in nonrefaabiHtated housing suspected of having lead-based paint and four children (in two
families) who had become lead-poisoned from other causes. Thus, data for 206 children
were analyzed in the Cincinnati report, and results for these 206 children are included in this
integrated report along with 7 of the 31 children living in nonrehabilitated housing. The
remaining 24 were dropped because of insufficient follow-up data.

The Cincinnati study abated soil on 140 parcels of land scattered throughout six
neighborhoods. If soil were the only source of lead in the neighborhoods, exterior and
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interior dust should have responded to the reduction in soil lead concentrations. However,
exterior dust lead loading decreased only slightly following both soil and dust abatement, and
returned to preabatement levels within one year. Corresponding changes in house dust, hand
lead, and blood lead paralleled changes in exterior dust. Interior dust returned to
preabatement levels about one year after abatement. Because blood lead concentrations also
decreased in the control area, the Cincinnati group concluded that there is no evidence for
the impact of soil and dust abatement on blood lead concentrations. However, this integrated
report concludes, through a detailed structural equation analysis, that there is a strong
relationship between entry dust and interior dust in this subset of the Cincinnati study, where
the impact of lead-based paint was minimized.

Postabatement measurements in Cincinnati were made at 2, 10, 14, and 21 months
following abatement in the first year, and at 3 and 10 months following abatement in the
second year.

1.2.4 Individual Study Conclusions
In their individual city report following the first phase of their study, the Boston group

stated their conclusions as follows:
• ".. .this intervention study suggests that an average 1,856ppm reduction in soil lead

levels results in a 0.8-1.6 pg/dL reduction in the blood lead levels of urban children
with multiple potential sources of exposure to lead."

During Phase II of the Boston study, soil abatement was conducted in the two comparison
groups (BOS PI-S and BOS P-S) and follow-up was extended another year in order to assess
the generalizability and persistence of the blood lead decline observed in Phase I. Following
the second phase of the study, the Boston group concluded (Aschengrau et al., 1994):

• The Mood lead "reduction in Phase II was somewhat greater than that in Phase I.
The combined results from both phases suggest that a soil lead reduction of
2,060ppm is associated with a 2.2 to 2.70 ng/dL decline in blood lead levels. "3

The basis for their conclusions consisted of an analysis of variance comparing mean
blood lead changes among the three intervention groups, paired t-tests for within group

3This value for soil. 2,060 ppm, cited in their published report, was not adjusted by the Boston group with
the interlaboratory correction factor of 1.037 in Table 3-6.
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effects, and analysis of covariance with one-at-a-time adjustment for age, SES, race. sex.
paint, water, and mouthing behavior. The analysis of covariance was performed using no
transformation of blood lead data, which appeared to be normally distributed.

The Baltimore group stated their conclusions as follows:
• "Statistical analysis of the data from the Baltimore Lead in Soil Project provides no

evidence that the soil abatement has a direct impact on the blood lead level of
children in the study."

• "In the presence of lead-based paint in the children's homes, abatement of soil lead
alone provides no direct impact on the blood lead levels of children."

The basis for these statements consisted of an adjusted and unadjusted analysis of
selected covariates. The natural log of the blood lead of children in the treatment group
showed no significant difference from the natural log of the blood lead of children in the
control group, even when adjustments were made for age, SES, hand lead, season, dust, soil,
sex, weak mouthing behavior, or strong mouthing behavior. These analyses were made on

two sets of data. The first set consisted of all children enrolled in Rounds one and six. The
second group consisted only of children enrolled in all six rounds.

The Cincinnati conclusions can be paraphrased from their report as follows:
• Following interior and exterior dust and soil lead abatement, blood lead

concentrations decreased (in Area A) from 8.9 to 7.0 (21%) but increased to
8.7 /xg/dL at 10 mo postabatement. Following interior dust abatement alone blood
lead concentrations decreased from 10.6 to 9.2 (13%) 4 mo postabatement and were
18% below preabatement 10 mo postabatement. In the two neighborhoods with no
abatement, blood lead levels decreased by 29 and 6% during these same time
periods. Other comparisons also revealed no effects of the soil or dust abatement.

• There was no evidence that blood lead levels were reduced by soil lead or dust
abatement in Area A (with soil, exterior dust, interior dust abatement). There was
a slight reduction (net reduction over control area) of 0.6 ng/<3L in Area B that
miffat be attributed to interior dust abatement. This difference is not statistically
significant.

The basis for the Cincinnati conclusions was a comparison of log transformed mean
blood lead concentrations in the three treatment groups between Rounds 1 and 4.
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1.3 SUMMARY OF EPA INTEGRATED ASSESSMENT RESULTS AND
FINDINGS
The original data sets for each of the three participating cities were submitted to EPA,

along with the individual study reports referred to above. Further analysis of the data were
conducted by EPA staff in ORD, especially in the Environmental Criteria and Assessment
Office/Research Triangle Park, NC (ECAO/RTP), now the National Center for
Environmental Assessment (NCEA-RTP). The present intergrated report summarizes
information on the additional EPA statistical analyses and their results.

From the perspective of the child's environment, changes in the soil lead concentration
are expected to bring about changes in the house dust concentration, the hand dust, and the
blood lead concentration. In each of the three studies, the soil lead concentrations were
reduced to approximately 25 to 200 jtg/g in the study area, and for many treatment groups,
there was a reduction of group mean blood leads, although not always statistically significant.

1.3.1 Quality of the Data
In the absence of certified standards for soil and dust, it was necessary to implement a

program that would ensure that chemical analyses performed by the three participating
laboratories would be internally accurate and externally consistent with similar analyses by
other researchers. This program consisted of identifying acceptable analytical and
instrumental methods, establishing a set of soil and dust standards, and monitoring the
performance of the participating laboratories through an external audit program.

Chemical extraction of an estimated 75,000 soil and dust samples per study presented
a costly burden for the project both in terms of time and expense and there were advantages
associated with nondestructive analysis for a project of this nature. Because of these
consideration, the Scientific Coordinating Panel recommended the use of laboratory scale
X-ray fluomence (XRF) for soil analysis, on the condition that a suitable set of common
standards could be prepared for a broad concentration range and that a rigorous audit
program be established to ensure continued analytical accuracy. Two groups, Boston and
Baltimore, elected to use laboratory XRF for interior dust analysis also, whereas Cincinnati
opted for hot nitric acid extraction with atomic absorption spectroscopy (AAS) for interior
dust and XRF for exterior dust. During the study, the Baltimore group recognized problems
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with analyzing dust by XRF when the sample size was small, less than 100 mg. They
reanalyzed the dust samples by AAS and reported both measurements. In Boston, this
problem was solved by compositing the floor dust samples for XRF analysis, reporting one
floor dust sample per housing unit.

During the project, there were two rounds of soil and dust interlaboratory calibration
exercises, one near the beginning and one at the completion of the soil and dust analyses.
These exercises, which involved the three participating laboratories and two additional
laboratories for each exercise, provided the basis for the evaluation of the performance of
each laboratory in the audit sample program, and for the conversion factors used to compare
soil and dust data between laboratories.

Each study maintained rigorous standards for database quality. These included double
entry, 100% visual confirmation,'and standard procedures for detecting outliers. Some
errors were found during the preparation of this report, and they were corrected in
consultation with the pertinent individual city investigators prior to use in this report. None
of these errors would have impacted the conclusions drawn by the individual study.

1.3.2 Effectiveness and Persistency of Intervention
Soil abatement reduced soil concentrations in all three studies, and there was no

evidence of soil recontamination in either Boston or Cincinnati. There were no follow-up
measures of soil in Baltimore that would detect recontamination. There was some evidence
for exterior dust recontamination in Cincinnati. The Cincinnati group suggests that this
might be caused by chipping and peeling lead-based paint from the exterior surfaces of
nearby buildings not included in the project.

Interior dust abatement was persistent in both Boston and Cincinnati, even though
some tecuataiiination occurred in Cincinnati in response to the exterior dust recontamination
Paint stabilization appeared to have some impact on exposure, but there were no measures of
persistency.
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1.3.3 Comparison of EPA Integrated Report Results with Individual
Study Results

This integrated assessment looks at the three individual studies collectively to
determine if a broad overview can be taken of the project results when each study is placed
in its correct perspective.

1.3.3.1 Boston Study
The key findings of this integrated assessment with regard to the Boston study are as

follows:
1 . The median preabatement concentration of lead in soil was relatively high in

Boston, averaging about 2,400 /ig/g with few samples below 1,000 /ig/g.

2. Abatement of the soil effectively reduced the median concentration of lead in the
soil to about 150 jtg/g (an average decrease of about 2,300

3. Soil was clearly a part of the exposure pathway to the child, contributing
significantly to house dust lead.

4. Other sources of lead, such as interior lead-based paint were minimized by
stabilization.

5. The reductions of lead in both soil and house dust persisted for at least two years.

6. Blood lead levels were reduced by approximately 1.86 jtg/dL at 10 mo after soil
lead abatement.

7. Additional reductions in blood lead of about 2.0 ng/dL (relative to non-abated) were
observed at 22 mo postabatement for children in houses where the soil lead was
abated and the interior house dust lead was consequently reduced and remained low.

The Boston study used analysis of variance methods based on blood lead differences,
and analysis of oovariance methods with the longitudinal aspect included by use of the
pre-abatement blood lead concentration (Round 1) as a covariate. The results of their
"crude" analysis (Table 15-10 in the Boston study report) are virtually identical to the effect
size estimates calculated by U.S. EPA for the group as a whole using repeated measures
ANOVA and also using a longitudinal structural equations model. The results are shown in
Table 1-4. The effect size estimates are somewhat smaller in their "base" model, which the
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TABLE 1-4. COMPARISON OF PHASE 1 EFFECT SIZE ESTIMATES
BETWEEN THE BOSTON STUDY AND THIS REPORT

GROUP STUDY

ABATE VS CONTROL

BOS SPI BOS P-S

BOS SPI BOS PI-S

BOS PI-S BOS P-S

BOSTON
CRUDE
MODEL

1.92
1.53
0.39

REPORT1

BASE
MODEL

1.49

1.28

0.21

THIS REPORT1

RM
ANOVA

1.87

1.54

0.33

LSEM
MODEL 17

1.86

1.56
0.30

' Units are ng/dL reduction of Pb in blood.

longitudinal analysis of covariance model adjusted only for pre-abatement blood lead. In
view of the differences in methods and approaches, the overall conclusions are very similar.

The Boston investigators also studied the sensitivity of the effect size estimates to a
large number of other covariates, including environmental factors, family demographic
factors, behavioral factors, and biological covariates. None of these changed the estimated
effect of BOS SPI versus BOS P-S (soil abatement versus control) from their base model,
1.49 ng/dL, by more than 0.22 ng/dL. The factors were entered one at a time. The largest
decrease was by inclusion of race as a factor, which reduced the effect to 1.27 /ig/dL, and
by inclusion of pre-abatement lead paint, which reduced the estimated effect to 1.34 ng/dL.
Five factors decreased the effect size, which nevertheless remained statistically significant:
water lead concentration, time away from home, time away from study area, playing or
sitting on inside floor, and ferritin level. The other IS factors tested increased the estimated
effect size, particularly age (to 1.61 /ig/dL) and hand washing before meals (to 1.63 pg/dL),
as well as: gender, socioeconomic status, mouthing variables, chipping paint, yard play,
outdoor eating, hand washing after outdoor activity, pets that go outdoors, imported canned
food, lead-related occupations, lead-related hobbies, cigarette smoking, and owner
occupancy. Many of these factors are important in identifying individual exposure
components and lead risk factors and are worthy of additional scientific investigation.
However, none of these factors appear to have interacted so strongly with soil and dust
abatement as to have qualitatively affected the conclusions of the study, except for relatively
small effects related to age, race, and lead paint level. Much of the lead paint effect is
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mediated, both statistically and physically, by lead concentrations or loadings in house dust.
It is likely that the use of household dust as a covariate in the models of this report
effectively subsumed the lead paint effect, and that the dust abatement carried out in the
Boston study along with soil abatement may have affected some fraction of the blood lead
response that might have been otherwise attributed to lead-based paint. Even so, the overall
treatment group effect in the model that included lead paint was only slightly less significant
(P = 0.05) than the base model (P = 0.02). Conversely, including chipping paint in the
model increased the effect to 1.53 Mg/dL (P = 0.02 for the group model, P = 0.01 for the
BOS SPI versus BOS P-S effect). Additional studies involving the paint contribution to the
total lead exposure pathways, and assessment of the possible effects and interaction between
paint condition and paint lead loading on lead exposure, are needed to understand the
relatively small modifications of effect size attributable to lead paint.

Age and race effects are larger than the paint effects, and were evaluated in this report.
Larger effects were identified for children of ages 18 to 41 months, and for children of
Afro-American ancestry, than for the sample as a whole. The Afro-American children also
seemed to show larger responses to dust abatement than did the sample as a whole.

In summary, the abatement of soil in the Boston study resulted in a measureable,
statistically significant decline in blood lead concentrations in children, and this decline
continued for at least two years. It appears that the following conditions were present, and
perhaps necessary for this effect: (a) a notably elevated starting soil lead concentration (e.g.,
in excess of 1,000 to 2,000 Mg/g); (t>) a marked reduction of more than 1,000 jxg/g in soil
lead consequent to soil abatement accompanied by (c) a parallel marked and persisting
decrease in house dust lead.

These conclusions are consistent with those reported by the Boston research team. This
integrated aneoment found no basis for modifying their conclusions, although we choose not
to express these findings as a broadly generalizeable linear relationship between soil and
blood, such as change in micrograms of lead per deciliter of blood per change in micrograms
of lead per gram of soil, because we believe that such a linear expression of abatement
effects is highly site specific for the soil-to-blood relationship. We found evidence that the
dust-to-blood relationship is more significant than the soil-to-blood relationship and therefore
the abatement effect also depends on soil-to-dust transfer, which may be very site-specific.
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1.3.3.2 Baltimore Study
With regard to analyses of Baltimore data conducted for this integrated assessment, the

participants in the abatement neighborhood that did not receive abatement were treated as a
separate control group, rather than being combined with the nonabatement neighborhood (as
the Baltimore research team did). The reason for this was to establish a control group not
influenced by differences between neighborhoods. This alternative approach used in this
integrated assessment had little impact on the statistical significance of soil abatement effects
as reported by the Baltimore research team.

The key findings of this integrated assessment for Baltimore are:

1. The preabatement concentrations of lead in soil were notably lower (i.e., averaging
around 500 to 700 /ig/g, with few over 1,000 jxg/g) than in Boston.

2. The actual reduction of lead in soil by abatement was small (a change of about
400 /*g/g), compared to the Boston study (a change of about 2,300 /*£/£)•

3. Measurements of blood lead were made for only ten months following abatement;
and no significant decreases in blood lead consequent to soil abatement were
observed compared to non-abatement control group children.

4. Except for exterior lead-based paint, there was no control of other sources of lead,
such as the stabilization of interior lead-based paint (as done in Boston) or
abatement of house dust (as done in Boston and Cincinnati).

5. Follow-up measurements of soil (except immediately postabatement) were not made
to establish the persistency of soil abatement, and its possible effects on house dust.

The Baltimore report used a generalized linear regression model (GLIM). In its
simplest form, the regression model can be expressed as a linear model using log-
transformed variables. The Baltimore blood lead model 1 is a simple ANOVA model,

LogtBC,,) = Gfi + e,,

with only two treatment groups, Area 1 and Area 2. However, Area 1 includes some
non-abated residences as well the residences that received soil abatement, whereas Area 2
includes only non-abated residences. Therefore, the results in the Baltimore report cannot be
directly compared with the results reported here, where we have separated the abated and
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non-abated residences into two groups and used the non-abated residences in Area 1 as a
second control group. Model 2 in the Baltimore report is a simple ANCOVA model,

logiBC,,) = Gu + b2j Age,, + b3j SESj + b4j Season,, + b6) M,, log(Hand,p + b7j ( l -My) logcHand,,) + e,,.

In this notation, Age is a semi-categorical variable. Season is included only for pre-abatement
rounds 1 and 2 that covered many months, and M,j is a dummy variable for low or high
mouthing behavior. While temporal comparisons are possible, no temporal correlation model
is assumed, and the Baltimore report notes that the lack of temporal modeling is a deficiency
in the analyses.

The Baltimore analyses were carried out for two distinct subgroups of children. The
first set of analyses used only those children who were present in all six rounds. The second
set of analyses used all children who were present in each round. Analyses for this EPA
Integrated Report used children who were present in Rounds 3, 4, and 6. The set of children
who were present in all rounds is included in the EPA set, but does not include other
children in the EPA set (such as those children who were recruited at Round 3, especially
very young children). The second set of children in the Baltimore study is much closer to
the EPA children set in Rounds 4 and 6, but includes in Round 3 some additional children
who dropped out after Round 3. Therefore, the EPA effects size estimates are based on
somewhat different groups of specific children than in the Baltimore report.

Effect sizes were calculated in Table 1-5 as simple differences of treatment group
effects reported in Tables 7-7 and 7-8 of the Baltimore report. The effects were small and
probably not statistically significant, although the lack of correlation structure in the
Baltimore models makes any estimates of standard errors rather questionable. The
differences in Mood lead are negative between the treatment group (BAL SP) and the control
group (BAL PI and BAL P2). There is little reason to believe that major treatment group
differences would have been identified by other analyses of these data.

Other findings in the Baltimore study are of interest. There were some indications of
significant differences associated with hand lead, with a modifying effect due to child
mouthing behaviors. There was also a strong effect of socioeconomic status on blood lead
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TABLE 1-5. EFFECT SIZE ESTIMATES FROM THE BALTIMORE REPORT
COMPARING BLOOD LEAD REDUCTION IN BAL SP VERSUS CONTROLS

ROUNDS

ROUNDS 3
AND 4

ROUNDS 3
AND 6

CHILD
GROUP

ALL 6
ROUNDS

EACH
ROUND

ALL 6
ROUNDS
EACH
ROUND

BALTIMORE

ANOVA

-0.55

-0.07

-0.92

-1.55

MODEL12

ANCOVA

0.12

-0.10

-0.71

-1.17

THIS REPORT13

BAL SP BAL SP
vs BAL PI vs BAL P2

0.07

-0.54

1.774

0.67

1 Units are Mg/dL reduction of Pb in blood.
1 Baltimore controls are BAL PI and BAL P2.
3 Children present in Rounds 3.4, and 6.
4 P=0.16; others, P>0.2.

and dust lead, and an age effect with maximum blood leads at ages 1 to 3 years (12 to
36 months), a general finding in these studies.

Thus, in Baltimore, where the difference between pre- and postabatement soil lead
concentrations was much less than in Boston, and where the soil abatement criteria left some
properties only partially abated and no interior paint stabilization or dust abatement was
performed, no detectable effects of soil lead abatement on blood lead levels were found.

These conclusions are consistent with those reported by the Baltimore research group,
and are not inconsistent with those above for the Boston study. At soil concentrations much
lower than the Boston study, the Baltimore group would have likely been able to see only a
very modest change in blood lead concentrations (perhaps less than 0.2 /xg/dL) assuming
similarity between the study groups in Boston and Baltimore and the same linear relationship
between change in soil concentration and change in blood lead. Furthermore, the interior
paint stabilization and house dust abatement performed in Boston likely enhanced and
reinforced the impact of soil abatement on childhood blood lead, whereas in Baltimore, any
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possible small impact of soil abatement would have likely^been swamped by the large
reservoir of lead in the interior paint and the large unabated amounts of lead in interior house
dust.

1.3.3.3 Cincinnati Study
As for the Cincinnati study, because of differences in the neighborhoods, we found that

combining neighborhoods into treatment groups often obscures important effects; and so we
chose to analyze each of the six Cincinnati neighborhoods as separate treatment groups. One
neighborhood, Back Street, had an insufficient number of participants and was dropped from
some analyses: that group started with nine families, but by Round 5 there was only one
participating family in the study. We also found that the two control neighborhoods,
Glencoe and Mohawk, were substantially different, and that the three remaining treatment
groups (Pendleton, Dandhdge, and Findlay) were more comparable, both demographically
and in geographic proximity, to Mohawk than to Glencoe.

The Cincinnati study used several different regression (ANCOVA) models, and cross-
sectional structural equation models. Their individual city report also included results of a
simple correlation analysis that did not allow for multiple covariate adjustments, and is not
further described. The response variables in the regression models included differences in
blood lead between Round 1 and Round 4, hand lead differences, and differences in interior
floor dust loading and in exterior dust loading. The final regression model for the change in
blood lead involved only blood lead concentration (which we denote Blood), hand lead
loading (which we denote Hand), age of the child at the Round 4 blood lead measurement
(which we denote Blood*), and socioeconomic status (denoted SES). In our notation, their
model is:

Blood* - Blood,! = 8.52 + 0.038 (Hand* - Hand,,) - 0.00079 Age**Hand*
- 0.17 SES-0.43 Bloody

This model has one point of similarity to our Cincinnati longitudinal SEM models. By
transposing the Bloodj, on the left side of the equation, we have a linear relation that is
expressed algebraically as Blood* * 8.52 + ... other terms + 0.57 Bloodi(, which is close
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to the value of the blood lead persistence parameter A14 obtained for most of die Cincinnati
LSEM models, such as A14 = 0.58 in Model J6 used in the effects size comparisons.
Otherwise, blood lead is not predicted by neighborhood, nor by abatement group, nor by
environmental lead concentrations or loadings, but by another time-variable and child-specific
variable, hand wipe lead loading, which tends to increase with the child's age. The
regression model for hand lead change also excludes treatment group or environmental
variables, except indirectly through Round 1 hand lead.

Their report also presents a structural equation model for blood lead and hand lead
differences, and for changes in interior and exterior dust lead. Their equations for blood and
hand lead are, in our notation:

Blood* - Blood^ = 10.28 - 0.18 SES - 0.064 Age^ - 0.46

Handi4 - Handu =5.78-1- 0.002 Hand^ - 0.62 Handn.

The two dust lead equations are totally unconnected to blood lead or hand lead.
The Cincinnati report also shows cross-sectional structural equation models for

Round 1, Round 3, and Round 4 respectively. The Round 1 SEM model shows large and
statistically significant age effects, and effects of mouthing behavior. Areas and
neighborhoods show no significant differences. The Cincinnati cross-sectional SEM model
uses no environmental covariates, but reports a significant regression of log(BloodRl) on
log(HandRl). The simultaneous equation for log(HandRl) depends strongly on age and not
at all on treatment group or neighborhood. Neither equation uses any of the environmental
covariates, but both include a significant fixed effects factor for "families", which is
analogous to die random effects term Hh(g) in our EPA repeated measures ANOVA and
ANCOVA models. However, their findings of no significant neighborhood differences or
environmental factors differs somewhat from some of the findings in our EPA cross-sectional
and longitudinal SEM models. Differences in model format and structure make direct
comparisons very difficult.

The Cincinnati investigators concluded that the Phase 1 changes in blood lead
concentrations and in hand lead loadings were not significantly different among the three
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abatement groups, using either multiple regression models or structural equation models
They did not compare across different neighborhoods within treatment groups, which was an
additional source of variability in the study. We cannot therefore directly compare our effect
sizes or treatment differences across neighborhoods with their aggregated results. Since their
models are not directly comparable to our models without additional substantive analyses of
the role of hand wipe lead, we cannot directly compare effect sizes using longitudinal SEM.

The Cincinnati report giving a cross-sectional SEM for Round 4 (their Table 4-63)
presents a comprehensive and detailed SEM, which is in substantial qualitative agreement
with the EPA longitudinal SEM presented here for Cincinnati Round 4 blood lead and dust
lead. The use of hand lead in their model precludes direct comparisons with the longitudinal
SEM in Table 5-39. The use of log(HandR4) as a covariate that is only partially adjusted by
window and floor dust lead loadings, age, and SES permits the finding of large, statistically
significant, but negative relationships between log(BloodR4) and dust lead loadings on the
floor, interior entry, and exterior. Additional analyses of this model would be useful. The
model uses neighborhood or area as an adjustment covariate for hand-to-blood, dust-to-blood,
dust-to-hand, paint-to-dust, and exterior-to-floor pathways, with some significant differences.
While the application of this model does not allow comparison of effect sizes relative to
Round 1, there is a qualitative similarity between our EPA findings and those of the
Cincinnati investigators.

On this basis, we concluded that, in most cases, the effect of soil abatement could not
be clearly determined, and offer the following explanation for this conclusion:

1. Most of the soil parcels in each neighborhood were not adjacent to the living units,
and this soil was therefore not the primary source of lead in house dust. Evidence
for this statement includes the observation that street dust lead concentrations are
much higher than soil concentrations, indicating there is a large source of lead
coadrflbuting to street dust in addition to soil lead.

2. The preabatement median soil lead concentrations in the three treatment groups
were about 300 jjg/g in Pendleton, 700 ng/g in Findlay, and 800 pg/g in
Dandridge, and the postabatement soil concentrations were less than 100 /xg/g, so
that the reduction of lead in soil was small, as in Baltimore.

Evidence for the impact of dust abatement or dust and soil abatement consists of a
statistically significant difference between changes in blood lead between Rounds 1 and 4,
approximately one year apart. Some Cincinnati neighborhoods showed decreased blood lead
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concentrations in response to dust abatement or dust and soil abatement. The two
neighborhoods that received only interior dust abatement in the first year, Dandhdge and
Findlay. showed a small decrease in blood lead concentrations, compared to large increases
in the nearest control group, Mohawk. The treatment group that received soil, exterior dust
and interior dust abatement, Pendleton, showed a smaller effect than did the Dandhdge and
Findlay neighborhoods. After consultation with the Cincinnati research team, we suspect
that there was recontamination of street dust in Pendleton during the study, probably caused
by demolition of nearby buildings in the neighborhood.

The consistent theme across the outcomes for all three studies is that soil abatement
must effectively reduce soil lead concentrations for an extended period of time and be
accompanied by a corresponding reduction in house dust lead in order to result in any
detectable reduction of blood lead. The .location of the soil relative to the exposure

•

environment of the child is important. In this project, the movement of lead from soil or
street dust into the home seems to be a key factor in detennining blood lead concentrations.
Although these USLADP results provide substantial evidence for the link between soil or
street dust and house dust lead, there is insufficient information by which to clearly quantify
this relationship in terms of the lowest level of soil or street dust lead reduction that will
yield a measurable decrease of lead in blood.

1.3.3.4 Synthesis of Findings Across the Three Studies
While the USLADP was not intended to compare different methods for soil abatement,

the differences in design and methodology among the three studies helped to identify
conditions for which soil abatement may be an effective intervention, and conditions under
which soil abatement is less likely to be effective. Abatement or intervention can be
effective if it on achieve one or both of the following goals:

1. Abatement or intervention produces an effective and persistent reduction in the
concentrations of lead in soil and in household dust.
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2. Abatement or intervention changes childhood lead exposure by reducing the
intake of lead-contaminated media, or effectively breaks the transport pathway from the lead-
contaminated source to the child's activity areas.

These are not mutually exclusive goals, but there are important distinctions between them.
The first goal, reducing lead concentrations, can be achieved without changing exposure or
transport. For example, removing bare lead-contaminated soil from a yard and replacing it
with bare soil that is not contaminated will not change the child's exposure nor the transport
of surface soil from the yard into the house. However, the child's intake of lead from soil
ingestion will immediately be reduced, and one would expect that over some period of time,
there will be a reduction of the child's intake of lead from household dust because the soil
component of household dust lead has been eliminated. All three studies achieved the
elimination of lead in yard soil. It is important to note the requirement that the soil not be
recontaminated by unremediated sources such as exterior paint and by transport of lead from
unremediated areas. Even in the Boston study, a few soil-abated yards became substantially
recontaminated. However, most of the sampled locations in the Boston and Cincinnati did
not suffer significantly recontaminated sot! after abatement. The Baltimore sites were not
followed up over a similar period of time.

Both Boston and Cincinnati residences received interior dust abatement. The Boston
residences showed slight evidence of recontamination, whereas most the residences in the
Cincinnati areas that received interior dust abatement (with or without soil abatement) during
Phase 1 of the study showed significant recontamination. The floor dust lead concentrations
showed a significant association with window lead and mat lead, suggesting exterior sources
of recontamination. Long-term changes in dust lead were not followed up in the Baltimore
study. Significant blood lead reduction was detected only in the Boston study, where
persistent redaction of dust lead occurred in most residences that received soil lead and
interior dust abatement. The effect was even greater in Phase 2 in the group BOS PI-S that
received both Phase 1 dust abatement and both soil and dust abatement in Phase 2.

The second goal, reduction of exposure, requires reducing die amount of potentially
lead-contaminated media consumed by the child. The Boston study shows some indication
that this also may have occurred, whereas the Cincinnati provides little indication of

1-29



exposure reduction. Soil abatement can reduce exposure by covering soil with sod or other
barriers that reduce the child's access to surface soil panicles. The reduction in exposure is
distinct from reducing the lead concentration in the soil to which the child is exposed.
Likewise, frequent and effective washing or vacuuming of household dust can reduce the
amount of dust (dust loading) that is accessible to the child, however much lead is in the
dust. Changes in behavior, such as more frequent hand washing or greater parental
attention, can also reduce contact with dust and soil. Since all of these studies may have
initiated behavioral changes from the moment of recruitment simply by informing parents and
caretakers of potential lead hazards, such changes cannot be detected with this study design.

The second goal can also be achieved by any process that reduces transport of the
contaminant from the source to the areas in which the child may come into contact with it.
Covering bare soil with sod, concrete, or other barriers will clearly prevent contamination of

*

house dust and outside play areas, as the encapsulation of paint will prevent paint chips from
contaminating dust, so long as the barrier remains intact. Removing the source of lead
contamination was shown to be effective in Boston, but in addition to this, there is also some
possibility that the post-abatement pathway regression coefficient from soil to dust may have
been changed. However, there may also have been a serious attenuation of the apparent
pathway in the Round 1 data set, possibly attributable to the blood lead truncation of the
study. Additional studies on the effects of soil abatement on environmental lead pathway
kinetics would be useful. In general, any method that attempts to estimate post-intervention
or post-abatement blood lead concentrations (for example, EPA's IEUBK Model or "slope
factor" models) should take into account not only the changes in environmental lead
concentrations that may occur as a results of abatement or intervention, but also the changes
in the pathways to childhood exposure that may occur following abatement or intervention.

Finally, one should recognize that any environmental lead abatement or intervention
may be United in its ability to reduce blood lead concentrations in currently lead-burdened
children. It appears that in the first year after abatement, at most 40 to 50 percent of the
child's existing blood lead burden may be removable by soil abatement or any other
combination of abatements and interventions apart from medical treatment by chelation.
There may be a much greater effect of lead abatement in preventing lead exposure for future
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residents. Long-term benefits of lead abatement should therefore be considered in assessing
abatement effectiveness, as well as short-term benefits.

1.4 INTEGRATED PROJECT CONCLUSIONS
The main conclusions of this Integrated Report report are two-fold:
(1) When soil is a significant source of lead in the child's environment, under certain

conditions, the abatement of that soil will result in a reduction in exposure that will
cause a reduction in childhood blood lead concentrations.

(2) Although these conditions for a reduction in blood are notfitlfy understood, it is
likely that five factors are important in determining the magnitude of any possible
reduction: (1) the past history of exposure of the child to lead, as reflected in the
preabatement blood lead; i2) the initial soil lead concentration and the magnitude
of the reduction in soil lead concentrations; (3) the initial interior house dust lead
loading and the magnitude of reduction in house dust lead loading; (4) the
magnitude of other sources of lead exposure, relative to soil; and (5) the strength
of the exposure pathway between soil and the child relative to other lead exposure
pathways in the child's environment.

The basis for the first conclusion is: in Boston, where the soil lead concentrations were
high (mostly > 1000 to 2000 ng/g) and the contribution from lead-based paint was reduced
by paint stabilization, there was a measurable reduction of blood lead concentrations. This
reduction continued to increase for two years following abatement in Boston.

Conversely, in Baltimore and Cincinnati, where soil was not a significant source of lead
relative to other sources, there was no measurable reduction of blood lead except in cases
where other sources were also removed or abated. In Baltimore, these sources may have
been interior lead-based paint that was not stabilized, or house dust that was not abated.
In Cincinnati, the principal source of lead seemed to be neighborhood dust that may have
been contaminated with lead-based paint.

The basis for the second conclusion is: firstly, in those cases where all important
elements of the exposure pathway were available for assessment, the structural equation
model analyses showed that preabatement blood lead concentration was an important
predictor of postabatement blood lead, suggesting that the immobilization of bone lead is an
important component of the measured blood lead. Secondly, all other factors being equal,
the measurable reduction in blood lead was observed only at higher concentrations of soil
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lead. In the absence of information about other sources of lead, no clear statement can be
made about the possibility of smaller reductions in blood lead at lower soil lead
concentrations.

In spite of the recent successes in reducing exposure to lead by removing lead from
gasoline and canned food, lead exposure remains a complex issue. This integrated
assessment attempts to assess exposure to lead in soil and house dust. Lead in soil and
lead-based paint are closely linked in the child's environment. If there is exterior lead-based
paint, then soil lead is likely to be elevated with a consequent elevation in house dust lead.
If there is interior lead-based paint, then efforts to reduce the impact of soil lead on house
dust will be only partially effective. The maximum reduction in lead exposure will not be
achieved unless both paint and soil abatement are implemented.

There is evidence from all three studies that lead moves through the child's
environment. This means that lead in soil contributes to lead in street or playground dust,
lead in exterior paint contributes to lead in soil, and lead in street dust contributes to lead in
house dust. A more detailed analysis of the data may show the relative contribution from
two or more sources, but the present analyses imply that this transfer takes place.

Tne analysis of the data from the three studies showed evidence that blood lead
responds to changes in house dust lead. There is also evidence for the continued impact of
other, independent sources following abatement of one source. This means that abatement of
soil or exterior paint does not necessarily reduce the contribution of lead from other sources
such as interior lead-based paint.

The conclusions of this report suggest that soil abatement can have a measurable effect
on reducing exposure to lead if there is a substantial amount of lead in soil and if this soil
lead is the primary source of lead in house dust. In such cases, both soil abatement and
interior dust removal should be performed to be fully effective. Likewise, soil abatement
should be considered in conjunction with paint abatement when it is likely that soil will
otherwise continue to contaminate house dust after a paint abatement is completed.

From one perspective, decisions about soil abatement should be made on an individual
home basis. This report shows that, on an individual house basis, soil abatement may reduce
the movement of lead into the home and its incorporation into house dust. The magnitude of
this reduction depends on the concentration of lead in the soil, the amount of soil-derived
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dust that moves into the home, the frequency of cleaning in the home and the cleanability of
the home. The number and ages of children and the presence of indoor/outdoor pets are
factors known to increase this rate of dust movement, whereas frequent cleaning with an
effective vacuum cleaner, use of entry dust mats, and removing shoes at the door serve to
reduce the impact of soil lead on house dust.

From another perspective, soil abatement at the neighborhood level poses problems not
pertinent to individual homes. Playground, vacant lot, and other plots of soil may pose an
immediate problem if they are accessible to children and there is a direct pathway for dust
generated by this soil to enter the home. Likewise, sources of lead other than soil may
contribute more to exterior dust than soil itself. The evidence in this report suggests that the
key to reducing lead exposure at the neighborhood level is to abate significant sources of lead
contributing to exterior dust, in addition to the soil and paint abatement that would be
performed on an individual property.
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2. BACKGROUND AND OVERVIEW OF PROJECT

2.1 PROJECT BACKGROUND
2.1.1 The Urban Lead Problem

Children are exposed to lead through complex pathways from multiple sources. In the
mid 1980s, when there was a dramatic increase in public concern for childhood lead
exposure, attention focused on urban environments with high concentrations of lead in soil,
where there was an apparent correlation with the incidence of high blood lead concentrations.
At that time, there were several other sources of exposure that could potentially account for
unusually high blood lead in a population of urban children. Among these were lead in the

•

air (primarily from automobile emissions), lead in food (primarily from canned foods with
lead soldered side seams), lead in drinking water (primarily from lead pipes or newly
soldered copper pipes), and lead in paint. The lead in the soil was believed to be a mixture
of lead from the atmosphere and lead from exterior paint. Regulations were in place that
would largely remove lead from gasoline by the end of 1986, and there was a voluntary
program among food processors to phase out cans with lead soldered side seams. Renewed
public interest in paint abatement emerged in the late 1980's.

Prior to the start of this project, soil abatement had been performed in many nonurban
residential areas with elevated soil lead. The decision to abate soil was usually based in part
on the distribution of blood lead within the population of children. There was limited
experience on the effectiveness of this abatement and little or no opportunity for follow-up
studies of the results. There were little data from controlled evaluations because the intent of
abatement was {mediation, not experimentation.

2.1.2 Legislative Background
In the mid 1980s, the scientific evidence for a correlation between soil lead and blood

lead was sufficient to warrant concern for the health of children, but not strong enough to
support a large scale program for soil lead abatement. Consequently, the Urban Soil Lead
Abatement Demonstration Project (USLADP), known also as the Three City Study, was
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authorized in 1986 under Section lll(b)(6) of the Superfund Amendments and
Reauthorization Act (SARA). SARA called for EPA to conduct a "pilot program for the
removal, decontamination, or other actions with respect to lead-contaminated soil in one to
three different metropolitan areas."

Although not specified in the amendment, the legislative history focused on lead-based
paint as the source of lead in soil in urban residential areas. In response to the Superfund
mandate, USLADP was designed to evaluate the effectiveness of removal of lead-
contaminated soil in urban residential areas as a means to reduce blood lead levels of young,
preschool children residing in abated residences or neighborhoods. The project was not
designed to evaluate the relative effectiveness of different soil abatement technologies per se,
but rather to focus on determining the extent to which the blood lead levels of children less
than six years old ( as a key risk group for lead health effects) could be reduced by
intervention to decrease soil lead concentrations.

The EPA's Office of Solid Waste and Emergency Response (OSWER) had the principal
responsibility for overall implementation of the project, as a Superfund-mandated activity.
Administrative and financial management responsibilities, it was decided, were to be
delegated to EPA regional offices for the geographic areas containing those cities selected for
inclusion in the project. EPA's Office of Research and Development was asked to provide
technical oversight and coordination assistance to help integrate scientific activities across the
cities selected. An EPA Steering Committee was set up to oversee site selection and
initiation of the project.

In 1987, EPA convened a set of experts to advise on the design of the project and to
develop selection criteria for study sites. Six cities submitted proposals, and Boston,
Baltimore, and Cincinnati were chosen by the following site selection process.

2.1.3 SHe Selection
The three cities were selected based on an evaluation of each proposal in relationship to

the following site selection criteria, as recommended by the experts.
A. To be considered for selection, a metropolitan area must have:

1. Agreement by the appropriate EPA regional office to provide general project
oversight, and to disburse the funds.
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2. An established entity, preferably the state, documented as willing to be responsible
for removing and disposing of lead contaminated soil. This included identification
of an appropriate facility within the state for disposal of the soil, facilitation of
permits, community relations and education, and any other activities necessary to
expeditiously provide for safe disposal.

3. The administrative infrastructure to carry out a large scale project. This included a
key government department with appropriate authority to coordinate the project,
and generally included active participation by the state, by community groups, and
by all the different metropolitan departments with some responsibility for the
project.

4. Access to scientific and medical expertise to ensure that sampling and analysis were
properly conducted, and access to medical care needed for any children found to
have lead toxic ity.

5. Evidence that there are children with elevated blood lead levels (25 ng/dL as
defined by the CDC in its 1985 childhood lead screening guidelines), and soil in
residential areas with lead levels of 1,500 /xg/g or greater.1 It would be desirable
for lead-based paint to be established as a major contributor to the soil lead levels.

B. To be considered for selection, a metropolitan area should have:

6. A documented high incidence of children with elevated blood lead levels in the
proposed study areas. This meant that the municipality supported an active
childhood lead screening program.

7. A pattern of high density population in study areas. The number of children
available for evaluation as part of the project was important to the statistical
validity of the study.

8. Availability of other sources of funding for portions of the project not funded by
SARA. Such items might include de-leading the outside of houses, or intensive
interior vacuuming to remove residual leaded dust.

The Steering Committee reviewed proposals from six metropolitan areas: Boston,
Baltimore, Ctadaoati, Minneapolis, Detroit, and East St. Louis. These were reviewed on
December 3 and 4, 1987, by the Steering Committee and the set of expert consultants.
Boston, Baltimore, and Cincinnati were selected based on the following key points:

1 Note that the stipulated soil value of 1,300 pg/g was interpreted as a significant number of soil parcels in
which at least one soil measurement exceeded this value. Reports in this document of means or median values
below 1,500 pg/g for individual soil parcels or entire treatment groups should not be misinterpreted as failure
to meet the original selection criteria.
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1. The Boston investigators proposed to select three groups of families randomly from
several neighborhoods known to have soil lead concentrations in the range of
2000 to 5000 ng/g. One of these groups would receive only paint stabilization: a
second group would receive paint stabilization and dust abatement, and the third
group would receive soil abatement, dust abatement, and paint stabilization.

2. The Boston proposal involved collaboration among Boston City Hospital. Boston
University, and the EPA Region I Laboratory (for conduct of analysis of lead in
soil, dust, etc.). This collaborative group also had demonstrated experience with
collection, analysis, and assessment of soil and blood lead data in inner city
neighborhoods of Boston.

3. Cincinnati proposed a neighborhood level abatement study where housing units had
been previously gutted and rehabilitated approximately 20 years ago, and most of
the lead-based paint was either removed or encapsulated. The Cincinnati sites
contained soil lead from 220 to 900 /xg/g. exterior surface dust (primarily from
paved areas) averaging 2,000 to 5,000 j*g/g, and a number of children with blood
lead concentrations above 25

4. The Cincinnati proposal was prepared by die University of Cincinnati and
demonstrated a high degree of organizational infrastructure, with commitments -
from the City of Cincinnati. There was an established infrastructure of
neighborhood associations that was perceived to be a plus for the project.

5. The Baltimore project proposed individual housing units with soil lead
concentrations averaging in excess of 1,000 ng/%. Lead-based paint had been
abated in some, but not all houses.

6. The Baltimore proposal was prepared by the State of Maryland and showed a
satisfactory level of organizational infrastructure and local scientific expertise;
problems with the proposed statistical approach were resolved by consultation with
the Steering Committee.

With the selection of Boston, Cincinnati, and Baltimore, a Scientific Coordinating
Committee mm established to provide scientific and technical support for the three studies
and to i i mutton the exchange of scientific information. The Steering Committee also
recognized tfttt there would be much value in standardizing and coordinating methods for
media sampling and analysis. The Scientific Coordinating Committee was composed of
representatives from the research teams of each of the three cities, the three EPA regional
offices (Regions I, m, and V), the Office of Solid Waste and Emergency Response, the
Environmental Criteria and Assessment Office/Research Triangle Park, NC (ECAO-RTP)
(now the National Center for Environmental Assessment/RTP), and the Centers for Disease
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Control and Prevention. The task of organizing, scheduling, and conduct of meetings of the
Scientific Coordinating Committee was assigned ro ECAO/RTP. Major policy decisions
remained with the Steering Committee.

The funding mechanisms were set into place individually through the respective EPA
regional offices (Regions I, III, and V). Each of these regional offices set up an independent
funding mechanism and oversight plan. The regional project officer became the liaison to
the Steering Committee and to the Scientific Coordinating Committee. Each city submitted a
work plan, which included the project description, organization, operation plan, and
reporting mechanisms, and the Quality Assurance (QA) plan. These work plans required
more than one year to complete and obtain Regional approval. In the meantime, the projects
were staffed and made operational. Community relations programs were initiated that began
the process of recruiting the study participants. Coordination between the three cities was
accomplished through a series of workshops, organized and convened by ECAO/RTP,
approximately three per year.

This integrated assessment includes a review of the hypotheses and study designs of the
individual studies (Chapter 2), a report of the methods intercomparison and quality
assurance/quality control program (Chapter 3), a summary of the individual study results and
conclusions reported by the three cities (Chapter 4), a description and explanation of the
statistical procedures performed as part of this EPA integrated assessment and the results of
these procedures (Chapter 5), and a summary of key findings and conclusions derived from
this assessment (Chapter 6).

2.2 INTEGRATION OF THE THREE STUDIES
2.2.1 Study Hypotheses

To place this project in perspective, it is helpful to look at the similarities and
differences among the three studies. They are similar in that their hypotheses and study
designs were derived to evaluate the same general hypothesis, namely, that removing lead
from soil will reduce lead exposure of young children.
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The central hypothesis of the USLADP is

A reduction of lead in residential soil accessible to children will
result in a decrease in their blood lead levels.

Each study chose to develop a specific hypothesis that could be tested by data and
observations from their own study design. The formal statement of the Boston hypothesis is

A significant reduction {equal to or greater than 1,000 ng/g) of lead
in soil accessible to children will result in a mean decrease of at
least 3 ug/dL in the blood lead levels of children living in areas with
multiple possible sources of lead exposure and a high incidence of
lead poisoning.

The Baltimore hypothesis, stated in die null form, is

A significant reduction of lead (^1,000 ug/g) in residential soil
accessible to children will not result in a significant decrease (3 to
6 ug/dL) in their blood lead levels.

The Cincinnati hypothesis, separated into two parts, is

(1) A reduction of lead in residential soil accessible to children will
result in a decrease in their blood lead levels.

(2) Interior dust abatement, when carried out in conjunction with
exterior dust and soil abatement, would result in a greater
reduction in blood lead than would be obtained with interior dust
abatement alone, or exterior dust and soil abatement alone.

Secondary hypotheses in the Cincinnati study are

(3) A reduction of lead in residential soil accessible to children will
result in a decrease in their hand lead levels.

(4) Interior dust abatement, when carried out in conjunction with
exterior dust and soil abatement, would result in a greater
reduction in hand lead than would be obtained with interior dust
abatement alone, or exterior dust and soil abatement alone.

2.2.2 General Study Design
The project objective was to measure the relationship between soil lead and blood lead.

This is an indirect relationship in the sense that children most commonly do not eat soil
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directly but usually ingest small amounts of dust derived, in pan, from this soil. Likewise,
the lead in blood reflects not only recent exposure from all environmental sources, but the
remobilization of lead from bone tissue.

Each study was designed around the concept of participating families within a definable
neighborhood. There were a total of twelve neighborhoods in the project, six in Cincinnati,
four in Boston, and two in Baltimore. Except in Boston, these neighborhoods constituted the
treatment and control groups in the study. In Boston, families in the treatment group were
randomly assigned from volunteers from each of the four neighborhoods, as were families in
the control group. For each treatment group, there was a preabatement, abatement, and
postabatement phase. The immediate residential environment of the child was extensively
evaluated prior to and after abatement, through measurements of lead in soil, dust, drinking

»

water, and paint, and through interviews about activity patterns, eating habits, family
activities, and socioeconomic status. Parallel environmental and biological measurements, as
well as interviews, were taken in the control groups, but without abatement. The objective
of the preabatement phase was to achieve a clear understanding of the exposure history and
status (stability of the blood lead and environmental measures) prior to abatement. During
the abatement phase, attention was given to preventing any possible exposure that might
result from the abatement activities. During the postabatement phase, the project was
designed to determine the duration of the effect of soil abatement and to detect possible
recontamination.

The array of treatment groups differed considerably among the three studies. Each
treatment group, however, had several features in common. All groups were taken from
demographically similar neighborhoods with some prior evidence of elevated lead exposure,
usually a greater than average number of public health reports of childhood lead poisoning.
Each group received the same pattern of treatment: baseline phase for 3 to 18 months,
intervention (except for controls), and follow-up for 12 to 24 months.

In each treatment group, even the controls, there was an attempt to minimize the impact
of chipping and peeling lead-based paint. In Boston, this was done by paint stabilization of
interior paint. In Baltimore, only exterior paint was stabilized. Therefore, in these two
studies, the effects of soil abatement should be evaluated in the context of some intervention
for lead-based paint. In Cincinnati, most of the living units were abated of lead-based paint
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more than 20 years before the start of the study. In the case of those that had lead-based
paint, the lead-based paint was measured but not treated prior to the study.

The Boston and Baltimore studies used a parallel intervention scheme, compared to the
staggered scheme used in Cincinnati. In other words, intervention in Boston (and Baltimore)
took place at the same time for all treatment groups, and the follow-up period was of the
same duration. But in Cincinnati, the soil and exterior dust intervention was delayed for
three neighborhoods, such that follow-up varied between 12 and 24 months. Throughout all
phases of each study, the timing of the blood lead measurements was planned according to a
seasonal cycle of blood lead levels that peaks in the late summer and according to an
age-related pattern that peaks at 18 to 24 months.

The complex nature of this project required measurement of exposure indices, such as
•

street dust, house dust, and hand dust, that are in the pathway between soil and blood. New
sampling and analysis protocols for these measurements, not generally available in the
scientific literature, were developed during the initial coordinating workshops.

The studies differ in several respects. The two pathways, (1) soil -* exterior dust and
(2) paint -» house dust, differ slightly among the studies, as do the intervention strategies to
interrupt the flow of lead along these pathways. Collectively, these differences in study
design broaden the scope of the project to cover aspects of lead exposure intervention not
possible through the study of a single neighborhood or even a single city.

2.2.3 Study Groups
Variations in the nature and form of intervention were included in the study designs to

take advantage of the unique characteristics of the cities and their housing types. For
example, soO lead concentrations are typically high in Boston, where it is also common to
find elevated concentrations of lead in drinking water and in both exterior and interior paint.
In the areas studied, housing is typically multi-unit with some single family units with
relatively large soil cover in accompanying yards. In the Baltimore neighborhoods, nearly
every house had lead-based paint, the houses were mixed single and multifamily, and the soil
areas were smaller, typically less than one hundred square meters. On the other hand,
houses in Cincinnati were selected because they were thought to be relatively free of interior
lead-based paint that might obscure the contribution of soil lead to house dust lead. As it

2-8



happened, these neighborhoods were mostly multifamily housing with little or no soil on the
residential parcel of land. The Cincinnati study design therefore focused on intervention at
the neighborhood scale, where the soil in parks, play areas, and other common grounds was
abated, and exterior dust on paved surfaces in the neighborhood removed.

Detailed information on study design and methods of analysis can be found in the
appended individual reports for each city. Table 2-1 summarizes the study design
characteristics for each of the three studies and their respective neighborhood groups. The
nomenclature for these groups has been standardized for this report. With the exception of
the Cincinnati control group (CIN NT), all groups received some form of intervention during
the study.

For the purposes of consistency, certain descriptive terms that are used differently in
the three individual study reports, are standardized here and described in the glossary of this
document. One example is the use of the terms "study" and "project". In order to avoid
confusion, the term "study" refers to one of the three separate community studies, and the
term "project" is used in reference to the three studies collectively. Similarly, the collective
term for "treatment group" or "control group" in this report is "study group".

The names that identify the individual study groups have been modified in this report to
assist the reader in remembering the type of intervention performed on each group.
Table 2-1 lists these names, with a brief description and the corresponding term in the report
of each separate study. This nomenclature identifies location of the study and the nature of
the intervention. For example, BOS SPI refers to the Boston group that received Soil, Paint,
and Interior dust intervention. A hyphen is used to indicate intervention in two different
rounds, as in CIN I-SE, where interior dust abatement took place about one year before soil
and exterior duat abatement. The reader should become familiar with this nomenclature for
the ten study groups in the project, as the data and results will be presented using these
designations without further explanation. One further note: The BOS PI, BOS P, and
CIN NT groups each received soil abatement at the end of the study. Because no data were
reported following this intervention, the designation "-S" was not used.

Other departures here from the terminology of the respective individual study reports
are conversion to a common system of units (metric where possible) and standard terms for
phases, stages, or rounds of the project. The term "round" refers to a distinct period of
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TABLE 2-1. TREATMENT GROUP NOMENCLATURE WITH
CROSS-REFERENCE TO INDIVIDUAL REPORTS

Treatment Group
Name*

Cross-Reference to
Individual Study

Report Description of Treatment
BOSTON
BOS SPI

BOS PI-S

BOS P-S

BALTIMORE
BALSP

BAL Plb

BALP2b

CINCINNATI
CIN SEI (P)

Study Group

Control Group A

Control Group B

Study Area

Control Area

Study Area Not
Abated

Area A

CIN I-SE (B,D,F)C Area B

CIN NT (G,M) AreaC

Soil and interior dust abatement, and interior
paint stabilization at beginning of first year, no
further treatment.
Interior dust abatement and interior paint
stabilization at beginning of first year. Soil
abatement at beginning of second year.
Interior paint stabilization at beginning of first
year. Soil abatement at beginning of second
year.

Soil abatement and exterior paint stabilization
at beginning of first year, no further treatment.
Exterior paint stabilization at beginning of first
year; no further treatment.
Exterior paint stabilization at beginning of first
year, no further treatment because soil not
above cut-off level.

Soil, exterior dust, and interior dust abatement
at beginning of first year, no further treatment.
Includes only the Pendleton neighborhood.
Interior dust abatement at beginning of first
year, soil and exterior dust abatement at
beginning of second year, no further treatment.
Includes the Back St., Dandndge, and Findlay
neighborhoods.
No treatment; soil and ulterior dust abatement
following last sampling round. Includes the
Glencoe and Mohawk neighborhoods.

*The treatment group designation indicates the location of the study (BOS » Boston, BAL * Baltimore,
CIN * Cincinnati), the type of treatment (S = soil abatement, E = exterior dust abatement, I = interior dust
abatement. P * loose paint stabilization, NT » no treatment).

"Treated as one group in the Baltimore repon, analyzed separately in this repon.
Treated as one group for many analyses in the Cincinnati repon, analyzed as individual neighborhoods in this
report.
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time when one or more measurements were made. Other activities, such as soil abatement,
occurred between rounds. There is no consistent pattern for when abatement occurred (i.e.,
after Round 1, Round 3, etc.) for the different individual cities.

The numbers of participating children, families, and properties appear in Table 2-2.
Because of attrition and recruitment in Baltimore and Cincinnati, these numbers do not
accurately represent the number of participants present for the duration of the study. In this
report, subsets of these participants were statistically analyzed for specific purposes and to
meet specific statistical requirements, and these subsets may not be the same subsets used by
the individual study teams in their statistical analysis described in their respective individual
city reports.

2.2.4 Project Activity Schedule
The project activity schedule, shown in Figure 2-1, illustrates the major intervention

and measurement activities of the individual studies and the sequence and duration of these
activities. The frequency and timing of sampling relative to abatement and seasonal cycles
are important issues in the study design. These time lines are the actual occurrence of these
events and they differ somewhat from the planned schedule. The original design focused on
sampling blood lead during the late summer, as it was known that the seasonal cycle for
blood lead reaches a peak during this period.

2.2.5 Environmental and Biological Measurements of Exposure
Figure 2-2 illustrates the generalized concept of the pathways and sources of human

exposure to lead, showing the routes of lead from the several sources in the human
environment to the four compartments (inhaled air, dust, food, drinking water) immediately
proximal to the individual child. One of these proximal sources, dust, is the primary route
of concern in this project. Figure 2-3 expands this dust route to show both the complexity of
the many routes of dust exposure for the typical child and the mobility of dust lead along
these routes. Both of these concepts were poorly understood in the late 1980's. The
intervention strategies used in this project were designed to interrupt the movement of lead
along one or more of these pathways.
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TABLE 2-2. NUMBER OF PROJECT PARTICIPANTS BY TREATMENT
GROUP AND ROUND*

BOSTON

Middate of round

Children"

Families0

Properties'1

BALTIMORE

Middate of round

Children6

Treatment Group

BOS SPI
BOS PI-S
BOS P-S

BOS SPI
BOS PI-S
BOS P-S

BOS SPI
BOS PI-S
BOS P-S

BALSP

Rl
(PRE)

10/17/89

52
51
47

T50

43
43
JL

34
36

Uff

R2
(POST 1)

4/9/90

52
48

_46_
146

43
40
JL
121

34
33
^t-%

Rl R2

10/25/88 4/1/89

88 85

R3
(POST 2)
9/12/90

52
49

*
43
41

&
34
34

#
R3

2/17/90

110

R4
(Phase 2)
7/20/91

33
33

*
28
27

•fr
24
24

-if
R4 R5

1/27/91 6/7/91

103 99

R6

9/3/91

95

Families"

Properties"

BAL PI
BAL P2

BALSP
BAL PI
BALP2

BALSP
BAL PI
BALP2

88
73
7

TSs
63
50

rii
55
45

85
73
7

165

60
50

r&
53
45

110
80
~8
191

72
52

•J

iTi
61
47

103
79
o

Tro
68
51

m
59
46

80

65
51

53
46

79

64
51

iT2
57
46
7

CINCINNATI

Middate of round
Children"

Families0

Pared!'

CIN SEI (P)
CIN I-SE (B.D.F)

CIN NT (G.M)

CIN SEI (P)
CIN I-SE (B.D.F)

CIN NT (G.M)

CIN SEI (P)
CIN I-SE (B.D.F)

CIN NT (G.M)

Rl
(POD
7/6/89

54

j£
201
31
5*

55
74e

$

R3
(P03)

11/14/89

52

52
185
30
56*

ft
39

121e

&

R4
(P05)
7/1/90

46r92'
8r
219

31
56

ft
39
121

"$5

R6
(POT)

11/17/90

37
87
74

"ISff
31
74

&
40
119

ft

R7
(P09)

6/16/91

31
77

.61
16?

30
60

ft
40
121

TSS
Round desifnabons (Rl, R2. etc.) an not dw same as used in dw Boston and Cincinnati study reports. Their round destinations are
shown in partamata*. Some rounds an oouaed from due table became Wood lead data wm DM collected. Intervention, shown by die
dashed lines, occurred between Rl and R2 in die first year and R3 and R4 in dw second year in Boston. R3 and R4 in Baltimore. Rl and
R3 in dM first year of die CisKmnao study, and R4 and R6 in dw second year. Middatts are dw mean blood T^t dates.
•«- - - -J —__ ̂ m -' MkiU^MB —— —— -• . J *•- . fc.._ _ JBaicii on itHituer 01 caMm mtptto ror otooo.
Baaed on mater of bousehotds sampled for duet
Bated on number of soil area* stapled.
Dandhdfc wax added •> dw Cincinnati smidy alter dw soil samplinf for Rl. but btfore dw completion at an other Rl sampting. Thus.
dw number of Dandridfe children and hmilies are included in Rl for CIN I-SE. but dw nunbtr of parcels an not included until R3.
These numbers reflect additional children recruittd from paracipatmf families in Jury. 1990. The Cincmnao report does not include these
children.
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BALTIMORE
SoM Sampled
Sol Abated
Dust Sampled
Handwipe* Collected
Blood Sampled
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SoHSamptod
SoM Abated
Exterior Dust Sampled
Exterior Dust Abated
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Figure 2-1. Project activity schedule showing the round designations and tune periods for sampling and interviewing, and the
time periods for soil abatement. Paint stabilization in Boston and Baltimore was performed during the soil
abatement period prior to any other intervention. Abatement in Cincinnati that was performed after the final
sampling round (as a sampling round (as a courtesy to participants) is not shown in this figure.
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Figure 2-2. Generalized concept of the sources and pathways of lead exposure in
humans.

Exposure is the amount of a substance that comes into contact with an absorbing
surface over a specific period of time. In the case of lead, the absorbing surface can be the
gastrointestinal tract or the lungs. Exposure is measured in micrograms of lead per day.
Thus, an exposure of 10 Mg/day represents a total ingestion and inhalation of 10 micrograms
of lead from all sources; a fraction of this 10 micrograms would be absorbed into the body.

2.2.5.1 Blood Lead
In this project, blood lead was used as an indicator of exposure, and reductions in blood

lead concentrations were expected as a result of any combination of the interventions
described above. The units for blood are micrograms of lead per deciliter of blood (/*g/dL)
and they are not compatible with the normal units of exposure, micrograms of lead per day
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Figure 2-3. Typical pathways of childhood exposure to lead in dust showing both the
complexity of the routes of exposure and the mobility of dust lead along
these routes.

The fraction of ingested lead that is actually absorbed in the gastrointestinal tract
depends in part on the bioavailability of the particular form of lead. The amount of absorbed
lead that reaches specific body tissues depends on the biokinetics of lead in the human body.
Blood tissue is in dynamic equilibrium with all other body tissues, including bone tissue,
where the lead is stored for longer periods of time.

The relationship between blood lead concentration and die onset of health effects of
lead, depends Ivgely on the distribution of lead to the target tissues, including the red blood
cells themselves. Blood lead, then, is a convenient indicator of both exposure and potential
health risk to the child. This situation becomes important when measuring the rate at which
blood lead concentrations might decline following abatement. For a child with lead stored in
bone tissue following a long history of high lead exposure, the decline in blood lead might be
expected to be slower than for a child with low previous exposure. Even if lead-burdened
children were moved to an environment completely free of lead exposure, a significant
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amount of lead would still be present in the child's blood due to the slow release of lead
from the large amounts stored in bone and other body tissues.

Autopsy data show that as much as 60 to 70% of the lead in a child's body is stored in
the skeletal system, especially in the hard (or conical) pan of long bones such as the femur
and the tibia (Barry, 1981). In adults this percentage is even larger, 90 or 95%. Lead is
retained in conical bone for many years, and even though bone remodeling in young children
is very rapid, these large body burdens contained in the bone constitute a significant internal
source of lead exposure for several years after exposure has stopped. The long-term stability
of blood lead levels in a stationary exposure environment has been noted by a number of
authors (David et al., 1982; Rabinowitz, 1987).

Persistence of elevated blood lead after abatement has both biological and
environmental components. The biological component is the resorption of skeletal lead.
In adults, recent stable lead isotope studies (Smith et al. 1995, 1996; Gulson et al., 1995)
suggest that 30 to 65% of the circulating lead in adults is due to skeletal lead, which is
consistent with other estimates. Similar studies have not been reported for children.
Although a somewhat lower percentage may be appropriate for children rather than adults, it
is clear that even in children a substantial fraction of blood lead has a skeletal origin.

The environmental component of persistence is the child's remaining exposure to other
nonremediated lead media, such as lead in diet, drinking water, or air. This is illustrated in
Figure 2-4, which shows a blood lead profile (for an individual, or possibly as a population
mean) before and after a hypothetical lead abatement. The steady-state blood lead
concentrations are shown as flat curves, although in reality there may be substantial age-
dependent changes during the course of abatement even when environmental lead
concentrations remain constant. Assuming that environmental concentrations remain constant
after abatement, the child's blood lead would eventually reach a new steady-state
concentration at a much lower level. At any given time after abatement, the child's blood
lead is a mixture of three components, denoted "A", "B", and "C" in Figure 2-4.
Component A shows the relatively rapid decrease in blood lead from elimination of
preabatement lead deposits in blood and soft tissues. Component B shows the contribution of
preabatement skeletal lead to post-abatement blood lead, which is much slower because the
large skeletal burden in cortical bone is eliminated on a time scale of several years. Almost
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Figure 2-4. Hypothetical representation of the expected decrease in blood lead (solid
curved line) following abatement. This rate of decrease is less than might
be expected from exposure reduction alone. This is because blood also
contains lead recently released from storage in bone and soft tissue.

all of the stored lead may eventually be eliminated. However, the contribution of
preabatement deposits of lead now stored as an internal source of exposure may be
quantitatively significant compared to remaining postremediation environmental exposure
media.

The combination of persistent internal exposure and persistent baseline external
exposure amounts to a post-abatement blood lead contribution of about 50 or 60% of the
preabatement blood lead starting value at 8 to 12 months after abatement. This suggests that
under optimum conditions any environmental abatement or intervention can likely only
achieve a 40 to 50% reduction in child blood lead concentrations within a year after
abatement (see Figure 2-4).
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Several authors have reported differences in persistency of elevated blood lead
concentrations between smelter and non-smelter communities (Angle et al., 1984; Gallacher
et al., 1984a,b; Roels et al., 1980. 1976: Angle and Mclntire, 1979; Yankel et al.. 1977).
In general, blood lead concentrations in non-smelter children tend to decrease at ages beyond
four years, whereas smelter children usually retain childhood pattern of elevated blood lead
into their teens. This difference has been attributed by Mushak (1993) to the nature and
disposal of smelter emissions. In general, the hypothesis is that urban children older than
four years should show lower blood lead concentrations than they did at age 2 to 3 years.
This hypothesis can be tested with the data from the present studies, but the hypothesis that
smelter children differ from urban children cannot.

2.2.5.2 Hand Lead
Because blood lead reflects exposure to lead from all environmental sources, a second

exposure indicator, hand lead, was used to focus directly on the immediate pathway of dust
to the child. The units of measure are micrograms of lead per pair of hands, and like blood
lead, this measure does not reflect the rate at which lead moves into the body in units of
micrograms of lead per day. Instead, this hand dust is a measure of lead loading on the
hand. It is a measure of the "dirtiness" of the hand in the same sense that dust loading is a
measure of the dirtiness of the floor. Hand dust loading could possibly be converted to
micrograms of lead per day if there were a measure of the area of the hand mouthed by the
child, the frequency of hand to mouth activity, and the frequency of hand washing during
each day.

2.2.5.3 HoweDust
Home dust is a mixture of lead from many sources, including soil, street dust, interior

paint, and occupational dusts carried home by family workers. The units of measurement are
Mg Pb/g (lead concentration), tig Pb/m2 (lead loading), and mg dust/m2 (dust loading).
When expressed as micrograms of lead per gram, die measurement can be converted to an
exposure measurement by assuming a specific amount of dust ingested per day, usually about
100 mg/day for preschool children. Exposure to household dust then becomes micrograms
per day:
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Pb Concentration x Ingestion » Exposure

tigPb x gdust s ngPb
gdust day day

In a similar manner, exposure to food, drinking water, and inhaled air can be expressed
as Aig/day, and in 1990 these three sources normally accounted for about 5, 1, and
0.1 ng Pb/day respectively (U.S. Environmental Protection Agency, 1994). If the lead
concentration in household dust is 200 /*g/g and dust ingestion is 0.1 g/day, the exposure is
20 Mg/day or much more than the other sources combined.

By a different calculation, childhood lead exposure may be expressed as a function of
dust lead loading. In this case, the ingestion parameter is in units of m2/day:

Pb Loading x Ingestion = Exposure

pgPb x m^_ = j£ (2-2)
m2 day day'

The ingestion parameter estimates the effective contact area for the child's hands (assuming
all dust is ingested by hand-to-mouth activity). Literature reports of childhood lead exposure
based on contact area are not known.

2.2.6 Intervention Strategies
Intervention is defined here as the interruption of the flow of lead along an exposure

pathway. Soil abatement is one form of intervention. If done correctly, this abatement
should establish an effective and persistent barrier to the movement of lead through the
child's expoivrc pathways. Other forms of intervention used in this project were exterior
dust abatement, ulterior dust abatement, and paint stabilization. Because dust is a very
mobile constituent of the human environment, exterior and interior dust abatement would not
be expected to form a permanent barrier to lead unless other sources of lead, such as soil,
were also abated. Likewise, the form of paint stabilization used in Boston and Baltimore,
where chipping and peeling paint was removed and the walls repainted, was not intended to
be permanent lead-based paint abatement.
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The strategy for soil abatement was to remove all soil with concentrations above a
specific level (500 /xg/g for Baltimore and Cincinnati, 1,000 jxg/g for Boston), and replace
this soil with clean soil in the range of 25 to 100 uglg lead concentration. This method
(excavation, removal, and replacement) was used in all three studies. In some cases, repair
and maintenance of ground cover was used where the soil concentrations did not warrant
excavation, removal, and replacement. To further interrupt the flow of lead along the
exposure pathways, entire neighborhoods in Cincinnati were cleaned of exterior dust using
street cleaning vacuum equipment and hand tools.

Interior house dust is believed to be a major direct lead exposure pathway for children.
Because household dust typically contains a mixture of lead from several sources (e.g., soil,
interior/exterior paint, air, etc.), abating house dust temporarily separates such sources from
the child's environment. Their recontamination of house dust and consequent impact on the
child's lead exposure can be evaluated by comprehensive measurements of the household dust
that include changes in lead concentration, lead loading, and dust loading. Understanding the
expected impact of abatement on these three parameters is critical to interpreting the
observed changes in blood lead concentrations. Following dust abatement, there should be
an immediate decrease in the dust loading, with no change in the lead concentration for those
groups that did not receive soil, exterior dust, or paint intervention. The rate at which this
dust loading returns to preabatement levels reflects die rate of movement of dust from other
sources into the home, the frequency of cleaning, and the "cleanability" of the home. (Many
inner city homes have surfaces that are cracked, pined, or in disrepair and are difficult to
clean effectively.)

The effectiveness of both paint stabilization and soil and dust abatement can be
observed by changes in the lead concentrations of house dust. In the presence of lead-based
paint, the concentration of lead in house dust is expected to be greater than 1,500 to
2,000 pg/g, whereas without the influence of lead-based paint, the house dust is expected to
be comparable to external dust and soil (U.S. Environmental Protection Agency, 1986).

House dust is a mixture of dusts from many sources within and outside the home.
In the absence of lead-based paint inside the home, it would seem reasonable to assume that
most of the lead in household dust comes from soil and other sources external to the home.
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Therefore, to enhance the impact of soil abatement, interior dust abatement was carried out
for some treatment groups in Boston and Cincinnati.

Many of the Boston and Baltimore households selected for the project had chipping and
peeling paint, both interior and exterior. In order to reduce the impact of lead-based paint,
the walls and other surfaces were scraped and smoothed, then repainted. It is important to
note that no attempt was made to remove all lead-based paint, nor to isolate intact paint from
the child. Paint stabilization was used on interior surfaces in Boston and on exterior surfaces
in Baltimore. Paint stabilization was not used in Cincinnati because most of the lead-based
paint was believed to have been removed from most of these homes in the early 1970s.

2.3 EXTERNAL FACTORS THAT COULD INFLUENCE PROJECT
RESULTS AND INTERPRETATION

The Scientific Coordinating Panel recognized that several extraneous factors might
influence the outcome of the project and that these factors were generally beyond the control
of die investigators. Among these are seasonal cycles and time trends of childhood blood
lead concentrations, unexplained or unexpected sources of lead in the children's homes or
neighborhoods, changes in public perception and avoidance of lead exposure hazards, and
movement of lead in soil either down the soil column or laterally with surface runoff or as
fugitive dust.

2.3.1 Cycles and Trends in Environmental Lead Concentrations
Figure 2-5 illustrates a pattern of childhood blood lead concentrations for Chicago

during the 1970s, showing a seasonal cycle and a downward trend throughout the decade.
The National Health Assessment and Nutrition Examination Survey II (NHANES II) data for
the entire country and all age groups reported a similar seasonal cycle and downward trend
during the last half of that decade (Annest et al., 1983). (Seasonal patterns from the
NHANES HI data of 1988 through 1991 are not yet available.)

Investigators have known about mis seasonal pattern for some time (Figure 2-6). Most
epidemiologkal studies are planned so that measurements can be taken at the peak of this
cycle, generally during the late summer. Studies of large numbers of children show a
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Figure 2-5. Literature values for seasonal patterns for childhood blood lead (age 25 to

36 mo) in Chicago. These data generally show an annual peak blood lead
during late summer.

Source: U.S. Environmental Protection Agency (1986).

sinusoidal pattern, even when the measurements do not include sequential measurements for
the same child. During the development of the study designs, it was apparent that
understanding of the seasonal cycles and temporal trends in blood lead would play an
important part in the interpretation of data collected over several years.

There is t question as to whether the seasonal cycle for blood lead concentrations is
caused by flocfiiations in exposure or by physiological processes that regulate the biokinetic
distribution of lead within the body. Some investigators have attributed fluctuations in blood
lead concentrations to changing environmental lead concentrations or changing activity
patterns (U.S. Environmental Protection Agency, 1995). During die late summer months,
the child may eat food or dust with high lead concentrations or ingest more dust during
outdoor play. This project was designed to measure changes in lead concentrations in soil
and dust, but not changes in activity patterns.
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Figure 2-6. Estimated seasonal variation based on residual blood-lead levels in Boston
children after controlling for age and date of birth effects. (Bars represent
95% confidence bounds for blood-lead residuals.)

Source: United States Environmental Protection Agency (1995).

Although this project was designed to maximize the measurements of blood lead during
the late summer for each of the three studies, measurements were made during other times of
the year in order to observe changes immediately after abatement. For most statistical
analyses in this report, comparisons were made from measurements taken approximately
twelve months apart in order to minimize the impact of the seasonal effect. A more detailed
description of this treatment appears in Chapter 5.

Two other patterns, long-term time trends and early childhood patterns dependent on
age, are applicable to this project. Little is known about age related patterns, but one study
in Cincinnati, prior to the project, showed a pattern of blood lead changes during early
childhood growth patterns (Figure 2-7).

Long-term downward trends were documented for child blood lead concentrations
during the 1970s and 1980s and have been attributed to decreasing concentrations of lead in
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Figure 2-7. Predicted differences in blood lead (PbB) and hand lead (PbH) during early
childhood, based on empirical data. The peak for blood lead at age 2 may
be due to activity patterns related to dust ingestion for toddlers and young
children. The steady increase in hand lead could be due to the increase in
hand size as well as activity patterns favoring play outside the home.

Source: Bomschein et al. (198S).

food and air. The QA/QC measures reported in detail in Chapter 4 rule out the possibility of
this trend being caused by a measurement artifact such as analytical drift.

2.3.2 Unexplained and Unexpected Sources of Lead
Occasionally, measurements of environmental lead are higher than expected and

difficult to explain. Atmospheric deposition can be a reasonable explanation, because this
route can change much more abruptly than soil, dust, food or drinking water. This section
discusses the possibility that the observed fluctuation in street dust and house dust can be
attributed to changes in air concentration alone. Because this project began after the national
phasedown of lead in gasoline, the air concentrations of lead in these cities had decreased to
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about 0. 1 /ig/m3 by the start the project.2 The following is a theoretical calculation of the
amount of lead that could be transferred to soil or dust at this concentration and from this
source alone.

Atmospheric deposition during the project was assumed to be typical for air
concentrations that averaged 0.1 /ig/m3 (1.0 x 10"7 pig/cm3). At a deposition rate of
0.2 cm/s, this would accumulate 0.6 jig/cm2 -year at the soil surface. Assuming that this lead
would be retained in the upper 1 cm of soil surface (therefore 1 cm2 of soil surface equals
1 cm3 of soil), then the annual increment would be 0.6 /tg/cm3. Because 1 cm3 of soil
weighs about 2 g, the annual incremental increase in lead concentration would be
0.3 /ig Pb/g soil, an insignificant annual contribution for soils that average several hundred
micrograms per gram. The calculation for annual deposition to a surface is

1 x 10-7 **n x 0.2 ™ x 3.15 x 107 _£_ = 0.6 Pb. . .
cm3 s year cm2 year

n
^

For the accumulation of dust on hard surfaces, however, the same calculation indicates
a potentially greater influence of atmospheric lead. Converting to units of lead loading, the
0.6 /ig/cm2-year becomes 6,000 /ig/m2-year, or 16 /ig/m2-day. Therefore, 0.1 /ig/m3 in air
concentration could account for a change of 16 /tg Pb/m2 per day in the dust lead loading to
a surface. An accumulation of 160 /ig/m2 over 10 days is in the range of the observed
changes in surface dust loading in this project.

2.3.3 Movement of Lead in Soil and Dust
There are several reasons why localized soil lead fluctuations might occur. Changes in

soil lead concentration independent of intervention that might increase lead concentration are:
atmospheric deposition (relatively minor as discussed above), exterior paint chipping and
chalking, and human activity such as household waste dumping (motor oil, etc). Soil lead
concentrations might decrease if lead leaches downward into the lower soil horizon, or if
surface soil shifts by dust reentrainment. The downward leaching of lead through the soil

2 The 1989 maximum quarterly average air lead concentration for the metropolitan statistical areas of Boston,
Baltimore, and Cincinnati were 0.08, 0.11, and 0.11 pg/m3, respectively (U.S. Environmental Protection
Agency, 1991a).
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profile mass occurs at a very slow rate, approximately a few millimeters per decade (Grant
et al., 1990). The reentrainment of dust at the soil surface is usually in equilibrium with the
local environment, such that inputs would equal outputs by this pathway. This would not be
the case if there is flaking or peeling lead-based paint within the neighborhood or an
industrial source of fugitive dust in the vicinity of the neighborhood. A limited effort was
made to monitor and control the impact of lead-based paint on soil concentrations.
In Baltimore, buildings with exterior lead-based paint were stabilized by removal of the
chipping and peeling paint, done in a manner to avoid contaminating the soil. In Boston,
homes were selected with less then 30% exterior chipping and peeling paint, by area.
In Cincinnati, neighborhoods with mostly rehabilitated houses were selected. There were no
attempts in any of the studies to control the introduction of lead to the soil by human activity
such as household waste dumping,.

Lead in household dust is a mixture of dust brought into the house from outside and
dust generated from within the home. Studies have shown that as much as 85% of the mass
of dust comes from outside the home and much of this is apparently brought in on the feet of
children and pets (Roberts et al., 1991). Household dust lead concentrations are usually
similar to the soil concentration in the immediate vicinity of the house, unless there are
internal sources of lead, such as lead-based paint. Thus, changes in soil concentrations are
likely to be reflected by changes in household dust concentrations within a few days and
probably reach equilibrium within a few months, depending on the relative contribution from
soil and other sources, the frequency and efficiency of house cleaning, and the cleanability of
the house.

2.3.4 Factors That Limit Interpretation of the Project Results
In the following chapters, this report discusses several issues that identify possible

limitations of the studies. This detailed assessment: (1) examines measurement methods used
and related QA/QC data to ascertain that adequate measures were taken to produce data of
good quality that can be compared across the three studies; (2) examines the study designs to
determine if the individual study groups are comparable within each study and if comparisons
are possible across the three studies; and (3) performs rigorous statistical analyses that
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attempt to quantify differences between study groups and identify specific exposure factors
that may be responsible for the differences.

With respect to the QA/QC data, it should be noted that there are no estimates of
sampling reproducibility for any of the environmental or biological measurements. This
would have required collecting duplicate samples for a specified percentage of the samples.
In retrospect, the following observations are worth noting:

1. Duplicate soil samples would not have been informative unless the entire soil parcel
was sampled in duplicate. In this report, the reproducible number is the arithmetic
mean of all soil samples from the parcel;

2. Duplicate sampling of house dust would have identified reproducibility of lead
concentration, but probably not lead loading, which changes on a daily basis.
Duplicate sampling of house dust may also have impacted the child's environment if
a substantial amount of the targeted play areas were sampled.

Nevertheless, this report recognizes the limitations of statistical analysis due to the
absence of an estimate of sampling error.

There are several exposure-related factors other than those measured by environmental
sampling that must be taken into account during the statistical analyses. Among these are
seasonal patterns in weather (especially rainfall as it affects dust loading and mobility),
activity patterns (which affect indoor/outdoor play patterns), and possible physiological
growth cycles (which affect remobilization of lead from bone tissue). Age of the child may
also impact exposure by differences in activity patterns, body size, and parental supervision.
For the most pan, this report is only able to assume that all groups within a study were
impacted equally by these and other confounding factors during the study.
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3. METHODS INTERCOMPARISON AND QUALITY
ASSURANCE/QUALITY CONTROL

Specific details on measurement methodology employed in each study can be found in
the appended individual city reports. This chapter describes the initial evaluation of several
methods for soil, dust, hand wipe, and blood sampling and analysis that were considered by
the Scientific Coordinating Committee, and the basis for selection of these methods by the
participating research teams.

Soil sampling procedures were defined based on agreement that five 2-cm soil cores
would be taken according to a prescribed pattern about a randomly selected point, and that a
prescribed number of these points would be selected based on the size and shape of the plot
of soil. These procedures are described in the individual reports, and no further assessment
is made here of the representativeness of this sampling procedure.

Interior dust sampling methods were determined based on the desirability of obtaining
dust loading information. This required that a dry sample be taken (as opposed to a wet
wipe) in order to determine the mass of dust collected as a function of area (dust load).
Although the sampling devices differed, the basic protocol called for a vacuum pump that
collected the dust sample on a filter pad at a prescribed flow rate and using a prescribed
pattern of moving the pump nozzle over the sample area. No further attempt was made to
calibrate the collection devices between the individual studies.

Hand wipe samples were taken according to procedures developed by the Cincinnati
group in previous studies. Field blanks and lot blanks were determined by each group.
There were some differences in the timing of the hand wipe sample (home visit versus clinic
visit) as repotted by the individual study teams.

Blood samples were taken according to methods prescribed by CDC in their blood lead
certification program. The analysis of blood for health indicators (FEP, TffiC, etc.) other
than lead differed among the three groups. Only the blood lead concentration data were used
in this integrated assessment.

The procedures and results of interlaboratory comparisons of analytical methodology
and the results of the QA/QC plan for the individual studies are described in the following
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sections. These procedures and their results were reviewed and evaluated throughout the
project at the scheduled workshops and during monthly teleconference calls.

The research team for each study prepared a sampling and analysis plan that included
rigorous QA/QC objectives. These plans included protocols that: defined sampling schemes
designed to characterize the expected exposure to soil for children; described how to collect,
transfer, and store samples without contamination; and described how to analyze samples
with the maximum degree of accuracy and precision. Sampling protocols for soil,
handwipes, and blood lead were nearly identical. Dust sampling protocols differed with
regard to the vacuum device used, location of sample within the residence, and procedures
for pooling samples prior to analyses. These differences may, in retrospect, have affected
the comparability of both the dust load and dust lead concentration data. During the course
of the project, several intercalibration exercises were performed to ensure that the analytical
results for measurements of soil, dust, handwipes, and blood would be accurate and that the
data would be as comparable as possible.

3.1 INTERCOMPARISON OF LABORATORY METHODS FOR SOIL
AND DUST MEASUREMENTS

The objective of the laboratory intercomparison and QA/QC program was to ensure that
the three studies could achieve high-quality analyses of soil and dust samples, and that each
of the three laboratories would be expected to get similar results when analyzing the same
soil sample. The participating cities recognized the need for standardizing the sampling and
analytical protocols so that data from each study could be compared. This standardization
was accomplished for soil and dust by measuring the analytical difference between each of
the three labs. Common standards were prepared and a program for assuring data quality
was put into place. A three step program was agreed to that involved: (1) a round robin
calibration exercise of soil samples to measure differences between laboratories and
differences between analytical methods and instrumentation; (2) a double blind audit system
for soil and dust to monitor the performance of each laboratory during the project; and
(3) a second round robin calibration exercise to determine the arithmetic correction factor
that would normalize dust and soil data to a common project basis. This program ensured
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that analyses performed by each of the three participating laboratories would be internally
accurate and externally consistent with similar analyses by other research laboratories.

Intercalibration Exercise I was conducted prior to the beginning of each study using soil
and dust samples collected from representative neighborhoods in each city. Intercalibration
Exercise II was conducted near the end of the sampling phase of the project using aliquots of
soil and dust samples collected at the beginning of the sampling phase, some of which were
used for QA/QC monitoring during the project. In each calibration exercise, two additional
laboratories were invited to participate in order to determine some measure of comparability
with other studies reported in the scientific literature. All laboratories reported their results
independently. In the time period between these two calibration exercises, the effectiveness
of the individual QA/QC programs was also monitored by inserting double blind audit
samples into the sample stream of each study to measure the consistency of analytical
precision throughout the study and to monitor any analytical drift.

3.1.1 Round Robin Intercalibration Exercise I
At the beginning of this project, the methods proposed by each study for soil and dust

analysis were reviewed by the Scientific Coordinating Panel. The preferred method, hot
nitric acid digestion followed by atomic absorption spectroscopy (AAS), was time consuming
and expensive. The number of samples was expected to exceed 75,000 per study, so more
rapid and less expensive methods were evaluated. Laboratory scale X-ray fluorescence
(XRF) spectroscopy and inductively coupled plasma (ICP) emission spectroscopy were
proposed, and a cold nitric acid extraction method for AAS was also considered.

In May 1988, prior to the beginning of each study, each of the three laboratories
collected ten soil samples from areas similar to those that would be included in their study.
One of the samples from Cincinnati was a street dust sample of very high lead concentration.
The other 29 samples were selected from soils with lead concentrations expected to range
from 250 to 8,000 pg/g. The samples were dried and sieved according to the study
protocols. Approximately 200 g of each sample were sent to the other two laboratories and
to an outside laboratory at Georgia Tech Research Institute (GTRI). Table 3-1 shows the
instrumentation and method of analysis used by each laboratory. In making these analyses,
each laboratory used its own internal standards for instrumental calibration and shared a
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TABLE 3-1. WET CHEMISTRY AND INSTRUMENTAL METHODS USED FOR
____________THE FIRST INTERCALIBRATION STUDY

Participating Laboratories
Method* Boston

Hot HNO3/AAS
Cold HNO3/AAS
Hot HNO3/ICP
XRF X

Baltimore
X

X

Cincinnati
X
X

GTRIb USDAC

X

X

aHNO3 = Nitric acid; AAS = Atomic absorption spectroscopy; ICP = Inductively coupled plasma emission
spectroscopy; XRF = X-ray fluorescence.

"GTRI = Georgia Tech Research Institute.
CUSDA = U.S. Department of Agriculture.

common set of five standards provided by Dr. Rufus Chaney at the U.S. Department of
Agriculture. The intercalibration exercise successfully established a baseline for cross study
comparison of soil and dust results.

In summary, the test conditions were that each laboratory would be provided with
instructions for preparing the samples (drying, sieving, and chemical extraction) but would
use their own internal standards and instrumental settings. They would have access to a set
of external standards (from U.S. Department of Agriculture) with known values from which
they could make corrections if necessary.

Each of the three study laboratories sent aliquots of 10 samples to the other two
participating laboratories and to two external laboratories. The samples were subdivided by
sieving during preparation to a "total" and "fine" fraction. Thus there were 30 samples,
each with two size fractions analyzed by each of five laboratories using either one or two
analytical methods, as indicated in Table 3-1. The results of the analyses appear in
Table 3-2.

The cold nitric acid extraction method was found to be essentially equivalent to the hot
nitric acid extraction method for soils with lead concentrations up to 8,000 pg/g (Figure 3-1)
for the samples analyzed in this study. The AAS method used by Cincinnati and Baltimore
was also equivalent (Figure 3-2), showing a high degree of comparability between these two
laboratories under these test conditions.
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TABLE 3-2. ANALYTICAL RESULTS OF THE FIRST
INTERCALIBRATION STUDY: LEAD CONCENTRATION (pg/g)

IN THE TOTAL AND FINE FRACTIONS OF 10 SOILS FROM EACH STUDY

Sample
Fraction'

IT
2T
3T
4T
5T
6T
7T
8T
9T
10T
11T
12T
13T
14T
15T
16T
17T
18T
19T
20T
21T
22T
23T
24T
26T
27T
28T
29T
30T
IF
2F
3F
4F
5F
6F
7F
8F
9F
10F
11F
12F
13F
14F
15F
16F
17F
18F
19F
20F
21F
22F

Bonn

XRF
1,200
1,750

400
550

1,100
1,450
1,000

500
550

1.450
250
800
100
700
550
220
220
75
50

4,800
500
950

1,700
2.400
2,800
3,800
5.200
4.000
6.500
1,500
2,650

500
1.600
1.700
2,400
1.200

600
690

2.200
230

1,800
100
800
620
300
100
100
50

5.100
550

1,100

Baltimore
HotHNO,

AAS
1.418
2,893

492
619

1.058
2,323
1.359

683
608

1.649
484

1,069

2,200
1,754

264
126
106

9
15,792

496
850

1,559
2,260
2,484
3,846
5,092
5,097
7,995
1,545
3,540

625
1,814
1.793
3,137
1,344

723
686

2,398
356

2,707
96

100
796

3.200
118
142

7,866
606

1.118

HotHNO,
ICP

1.324
2.544

389
462
882

1.955
1.098

535
485

1,330
365
878
53

1,701
1.410

200
62
48
7

12,030
372
698

1,298
1.880
2.119
3,440
4,667
4.510
6.560
1,421
2,921

507
1.554
1,475
2.387
1,105

598
558

1,946
244

2,220
68

779
616
236
73
85
10

6.000
506
916

Cincinnati
Hot HNO3

AAS
1,552
2,868

387
423
964

1,876
1,383

491
455

1,679
316

1,850
63

2,068
747
253
59
74
2

14,593
387
837

1,567
2.284
2.754
4,337
5,454
5,586
8,467
1,560
3,335

478
1,678
1,689
2,835
1,306

595
593

1,808
267

2.683
68

926
635
237
73
91
3

8,109
480

1.069

Cold HNO3
AAS
1,215
2,211

466
415
854

1,722
990
725
417

1,228
348

1.103
45

1,713
785
295
58
61
3

8,147
378
739

1,368
2,003
2,401
3,835
4,747
4,700
7.502
1.404
3,127

508
1,595
1,971
2,009
1.184

298
601

1.116
277

2.683
64

818
642
239
66
87
2

7,432
467
944

GTRP

XRF
1.174
1,912

400
500
980

1,524
651
400
261

1,660
180
900
100
652
505
187
30

100
20

4,817
383
717

1,390
2,021
2,331
3,500
4,460
3,280
4.704
1,223
2,263

440
1234

1,290
2.134

815
490
375

1.980
180

1,680
100
693
600
236
100
100
30

4,780
505
980

USDA"
Cold HNO3

AAS
1,338
2,695

417
464
988

1,808
1,473

726
605

1,764
304

1,944
73

1,710
825
286
83

111
13

14,733

1,120
1,761
2,561
2,472
4,983
3,184
6,473

10,042
1,569
3,273

515
1,824
1.683
2,682
1.297

672
630

280
2,610

89
895
664
242
80
92
20

8,451
470
904
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TABLE 3-2 (cont'd). ANALYTICAL RESULTS OF THE FIRST
INTERCALIBRATION STUDY: LEAD CONCENTRATION (pg/g)

IN THE TOTAL AND FINE FRACTIONS OF 10 SOILS FROM EACH STUDY

Sample
Fraction6

23F
24F
25F
26F
27F
28F
29F
30F

Boston

XRF
1,700
2,200
2,200
2,800
4,000
3,100
4,500
8,000

Baltimore
Hot HNO,

AAS
1,679
2,331
2,372
2,899
4,833
3,087
5,896
8,555

Hot HNO,
ICP

1.424
2,014
2,000
2,402
3,969
2,616
4.717
7,443

Cincinnati
Hot HNO3

AAS
1,710
2,328
1,665
2,946
4,531
3.073
5.606
8.679

Cold HNO3
AAS
1,431
2,010
2.089
2,568
4,130
2,720
4,869
7,789

GTRP

XRF
1,320
1,940
2,005
2.249
3,739
2,445
4,240
6,015

USDAb

Cold HNO3
AAS

1,640

2,492
3,156
4,979
6,194
6,680
9,754

KJTRI = Georgia Tech Research Institute.
bUSDA - U.S. Department of Agriculture.
CT = Total fraction, F = Fine fraction.

20

Thousand*

Figure 3-1. Comparison of uncorrected data for two wet chemistry methods of soil
analysis showing the comparability of hot and cold nitric add for the
Cincinnati laboratory. The straight line indicates a slope of 1.
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20

Cincinnati AAS Hot HNO,
Thousands

Figure 3-2. Comparison of uncorrected data for atomic absorption spectroscopfc
analysis by two laboratories (Baltimore and Cincinnati) using the hot nitric
acid method of soil analysis. The straight line indicates a slope of 1.

The Intel-laboratory comparison of XRF between the Boston and GTRI Laboratories
showed the method was acceptable, although not fully linear above 5,000 pg/g. There were
no soil standards available above 2,000 pg/g, so the analysts had some difficulty calibrating
their XRF instruments above this level. The data shown in Figure 3-3 suggest a systematic
difference between the two laboratories that could be corrected with a more uniform
calibration. Both interlaboratory (Cincinnati and Baltimore in Figure 3-4) and intralaboratory
(Baltimore in Figure 3-S) comparisons of AAS versus ICP demonstrated equivalency between
these two instrumental methods. These comparisons showed that there is likewise a
systematic difference that can be statistically corrected.

Finally, the interlaboratory comparison of XRF versus AAS (Boston and Cincinnati in
Figure 3-6, and Boston and Baltimore in Figure 3-7) led to the conclusion that, if suitable
soil standards at higher concentrations could be made available, XRF would be an acceptable
alternative method to AAS for soil analysis.
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Figure 3-3. Interlaboratory comparison of uncorrected data for the X-ray fluorescence
method of soil analysis showing the comparability of the Boston and
Georgia Institute of Technology laboratories. The straight ttne indicates a
slope of 1.

Figure 3-4. Interlaboratory comparison of i
the comparability of inductively
atomic absorption spectroscopy for the
laboratories. The straight Hue indicates a slope of 1.

rected data for soft anar/sto showing
spectroscopy and

3-8



5 10 15
Baltimore AAS Hot HNO, (ug/g)
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20

Figure 3-5. Comparison of uncorrected data for soil analysis showing the comparability
of inductively coupled plasma emission spectroscopy and atomic absorption
spectroscopy within the Baltimore laboratory. The straight line indicates a
slope of 1.

20

^ 15

5 10 15
Cincinnati Hot HNO, AAS (ug/g)

Thousands

20

Figure 3-6. Interlaboratory comparison of uncorrected data for soil analysis showing
the comparability of X-ray fluorescence and atomic absorption spectroscopy
for the Cincinnati and Boston laboratories. The straight Une indicates a
slope of 1.
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Figure 3-7. Interiaboratory comparison of uncorrected data for soil analysis showing
the comparability of X-ray fluorescence and atomic absorption spectroscopy
for the Baltimore and Boston laboratories. The straight line indicates a
slope of 1.

The Scientific Coordinating Panel recommended the use of XRF for soil analysis on the
condition that a suitable set of common standards could be prepared for a broader
concentration range and that a rigorous audit program be established to ensure continued
analytical accuracy. This recommendation was based on the interlaboratory comparison
study, the awareness that chemical extraction of a large number of soil samples presented a
costly burden on the project both in terms of time and expense, and the value of
nondestructive analysis in preserving the samples for reanalysis. The Round Robin I
calibration exercise also revealed the need for a broader scale calibration exercise to
determine the arithmetic correction factor for converting the data to a common basis.

Two groups, Boston and Baltimore, also elected to use XRF for interior dust analysis,
whereas Cincinnati opted for hot nitric extraction with AAS for interior dust and XRF for
exterior dust. During the study, Baltimore recognized problems with analyzing dust by XRF
when die sample size was small (less than 100 mg). They reanalyzed the dust samples by
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AAS and reported both measurements. In Boston, this problem was solved by compositing
the floor dust samples for XRF analysis, reporting one floor dust sample per housing unit.

3.1.2 Quality Assurance/Quality Control Standards and Audits
After the first intercalibration exercise, a set of nine soil and six dust interlaboratory

standards was prepared to monitor the QA/QC performance of soil and dust analysis
throughout the project. These were prepared from three soil and two dust samples from each
of the three studies, collected in bulk (about 30 kg), in a range thought to be high, medium,
and low for that area. Seven of the soil samples and five of the dust samples were dried,
sieved, and analyzed at the EPA Environmental Monitoring Systems Laboratory in
Las Vegas, NV (EMSL/LV). Following homogenization, approximately 50 aliquots of each

r

of die samples were analyzed by laboratory scale XRF at the EMSL/LV laboratory to
estimate the acceptable range for a single laboratory. Three of the 15 were distributed to the
participating cities for use as interlaboratory reference standards. The remaining 12 were
used as double blind external audits for soil and dust.

Each city appointed a QA/QC officer who was not directly involved with the analysis
of the soil samples, but who had access to the soil sample preparation stream on a daily
basis. This person mailed prelabeled soil sample containers with typical sample numbers to
the EMSL/LV laboratory. Approximately 20 g samples from one of the six external audit
materials typical for each city were placed in die sample containers fully disguised as field
soil samples and returned to the QA/QC officer in lots of 20 to 30. The identification
numbers and soil concentration values were monitored by the project QA/QC officer at
ECAO/RTP. Each city's QA/QC officer inserted the double blind samples into the sample
stream on a random basis at a frequency that would ensure about four QA/QC samples per
analytical day. These were occasionally placed as duplicates in the same batch to provide
information about replication within me batch.

The preliminary acceptance range for the double blind audit samples was established
using the original SO XRF analyses by die Las Vegas laboratory discussed above. As the
analytical results were reviewed by the study QA/QC officer, the audit sample results were
sent to the project QA/QC officer at ECAO/RTP. If the audit samples were outside the
acceptable range, the study QA/QC officer was informed and could recommend either
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reanalysis or flagging the data for that entire batch. The initial acceptable range for the six
audit samples was based on analyses by a single laboratory (EMSL/LV). This range was
adjusted for interlaboratory variation after the Intercalibration Exercise n. Final decisions on
the disposition of the audit sample anomalies were deferred until the completion of the
second intercalibration exercise near the end of the study.

The results of the double-blind audit program are given in Table 3-3 based on the final
biweight distributions shown in Table 3-4. The preliminary biweight distributions, shown
also in Table 3-4, contained no measure of interlaboratory variability because the preliminary
analyses were performed by only the EMSL-LV laboratory. These values could only be used
in a preliminary assessment of the audit program to identify and flag batches of soil samples
that might need to be reanalyzed pending the determination of the final biweight
distributions.

The laboratories were found to be systematically low or high. This was not of major
concern, as these discrepancies could be resolved by a more detailed intercalibration exercise
and statistical correction at the end of the study. The Cincinnati group elected to make a
midcourse change in instrumental parameters that reduced this difference, and they described
this procedure in their report. Occasionally, the measured audit sample was sporadically
high or low, in which case the laboratory investigated the problem and resolved it. Most of
these discrepancies occurred for dust samples where the sample size for XRF analysis was
below 200 mg. The Boston group found, but did not report in detail, that a calibration curve
for XRF analysis using standards that were also less than 200 mg would provide a suitable
correction to the original data. They elected, however, to composite their floor dust
samples.

3.1.3 Round Robin Intercalibration Exercise n
Near the end of the project, aliquots of the nine soil and six dust audit samples used

during the project were redistributed to the three study laboratories for single blind analysis.
The analyst was aware that the samples were audit samples, but did not know their
concentrations. These measurements were the basis for establishing the final range of
acceptability for the audit samples and for adjusting the soil and dust measurements in each
study to values common to the project.
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TABLE 3-3. SOIL AND DUST AUDIT PROGRAM RESULTS

Study/ Audit Sample
Number of

Samples
Mean
0»g/g)

Range
G*g/g)

Percent Within
Final Biweight
Distribution*

BOSTON DUST (XRF)

BAL 03 N/Ab

CIN 01 N/A
CIN 02 N/A

BOSTON SOIL (XRF)
BOS M N/A
BAL H N/A
CIN L N/A
CIN H N/A

BALTIMORE DUST (XRF)
BAL 02 8
CIN 01 10
BOS 01 10

BALTIMORE SOIL (XRF)

1,232
2,671
331

6,786
1,044
399

14,074

218
3,280
14,444

980-1,441
2,075-3,228
115-461

6,015-7,549
747-1,244
207-570

11,407-16,592

159-281
800-3,660

14,080-14,920

92
100
65

100
73
61
50

100
90

N/A

BOSM
BALH
CINL
CINH

CINCINNATI DUST (AAS)

BAL 03
BOS 01
CIN 01
CIN 02

CINCINNATI SOE. (XRF)

BOSM
BALH
CINL
CINH

15
15
15
15

34
35
38
26

32
49

130
31

5,046
838
286

11,290

1,727
24,104
2,683

259

5,580
885
263

12,304

4,800-5,200
433-916
266-307

10,100-12,500

1,322-2,687
20,266-27,962
2,070-3,163

200-393

4,759-6,107
822-1,012
244-310

9,838-13,632

100
60

100
53

N/A
N/A
100

N/A

100
N/A
100

N/A

These percentages include audit samples lor which analyses wen outside the biweight distribution range and
for which the actkm required by die QA/QC plan, such as reanalysis of die entire batch, was implemented.

bN/A = Not available.
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TABLE 3-4. PRELIMINARY AND FINAL BIWEIGHT DISTRIBUTIONS FOR SOIL
AND DUST AUDIT PROGRAM

Sample
Type
Dust
Dust
Dust
Dust
Dust
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil

Audit
Sample
BAL01
BAL02
BAL03
CIN01
CIN02
BOSL
BOSM
BOSH
BALL
BALH
CINL
CINH
REF5
REF6
REF7
REF8
REF9
REF10

Preliminary Values (jtg/g)
Mean
78

331
1,480
2,851

252
3,131
6,090

14,483
639
923
303

13,585

Low
58

288
1,346
2,660

216
2,858
5,748

13,071
555
850
284

12,872

High
99

374

1,613
3,042

288
3,405
6,431

15,895
724
997
322

14,297

Final Values
Mean
84

309
1,438
2,617

233
3,101
6,219

13,369
626

1,017
315

12,729
413
936

1,042
2,354
3,913

735

Low
4

138
1,091
1,422

93
2,283
4,742

11,980
468
847
204

11,361
258
738
758

1,950
2,943

615

(Mg/g)

High
163
480

1,786
3,812

372
3,919
7,696

14,754
783

1,187
426

14,096
568

1,134
1,326
2,759
4,888

854

3.1.4 Bhrdght Distribution and Final Intel-laboratory Calibration
The nine soil and five dust samples that were used for external standards and audit

samples were reanalyzed in a more detailed round robin exercise near the end of the project.
The purpose of this exercise was to detennine the correction factor for statistically converting
the soil and dust data from each study to a common basis and to revise the biweight
distribution values for the audit samples to reflect the multilaboratory variance and systematic
differences between laboratories. Additional analyses by AAS were performed by Baltimore
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and Cincinnati for soil and dust, even though only dust was analyzed by AAS during the
study. Boston and Las Vegas analyzed the samples by ICP for the purposes of obtaining a
broader perspective on the application of this method. The data from this exercise are shown
in Table 3-5 and are the basis for determining the consensus values and correction factors
that appear in Table 3-6.

A data evaluation subcommittee of the Scientific Coordinating Panel was appointed to
determine the consensus values and methods of statistical interpretation of the intercalibration
results. Several methods were discussed in great detail. Tests were made for outliers using
the method of Barnett and Lewis (1984), and none were found. The data were of good
quality and were highly linear. The r2 values ranged from 0.997 to 0.999 using a consensus
based on the simple arithmetic means of the reported values. The subcommittee chose to
explore alternatives to the arithmetic mean and eventually settled on a multiplicative model
weighted for within-laboratory variance. The model was run with GLIM statistical software.
Version 3.77, Update 2, and gave consensus values and correction factors as shown in
Table 3-6. Although several alternatives to simple regression were evaluated, the consensus
values produced by the GLIM procedure differed only slightly from those of a simple linear
regression. The correction factors in Table 3-6 were used by the three studies to convert
their soil and dust data to a common project basis. A plot of the dust (Figure 3-8) and soil
(Figure 3-9) reported values versus the consensus means derived from the GLIM analysis
illustrates the reliability of this method.

3.1.5 Disposition of Audit Data
Based on the results of the second intercalibration exercise, a consensus value was

determined for each dust and soil sample, and biweight distributions were determined for
those that had been used in the audit program. This new distribution incorporated
interlaboratory variation. When the correction factor is applied to the reported results, the
revised number should lie between the upper and lower boundaries of the biweight
distribution. Table 3-3 lists the percentage of these audit sample values that fell within these
new boundaries. Most of the discrepancies were resolved by the corrective measures taken
by the laboratories.
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TABLE 3-5. RESULTS OF THE FINAL INTERCALIBRATION STUDY (>ig/g)

Sample

DUST1
DUST2

DUST3

DUST4

DUSTS

SOIL1

SO1L2

SOIL3

SOIL4

SOILS

SOIL6

SOIL?

SOILS

SOIL9

SOIL10

SOIL11

SOIL 12

SOIL13

SOIL14

SOIL15

BOSK

120

320

1.430

2,000

280

450

900

1,050

2,200

3,800

710

650

950

2,800

5,600

12,500

310

12.000

810

1,450

BOSX

510

910

1,100

2,300

4,000

770

930

930

2,900

5.300

13,000

290

12,000

850

1,600

XRF

BAL

121

482

1,686

3,771

267

388

808

961

2,100

3,486

640

559

8%

2,514

5,200

11,000

283

10,500

793

1,400

AAS

CIN

92

329

1,307

2,924

233

441

1,033

1,080

2,555

4,227

789

675

1,036

3,126

6,493

15,963

305

14,156

929

1,705

LV

78

288

1,288

2,456

212

310

833

923

2,264

3,974

611

532

798

2,972

5,956

15,984

286

13,530

763

1,509

BAL

15
201

1,363

2,335

150

383

1,001

1,100

2,468

4,044

741

567

1,032

3,401

6,861

13,175

321

13,000

875

1,731

CIN

66

236

1,581

2,451

273

452

1,013

1,120

2,502

4.251

798

650

1.067

3,263

6,937

13,955

379

13,195
986

1.766

ICP

BOS

94

284

1,428

2,109

244

401

850

972

2,230

3,748

699

597

944

3,148

5,932

12,652

300
13,167

907

1,631

LV

72

307

1.346

2.2%

191

379

912

1,006

2,286

3,843

660

626

998

3,158

6,360

12,608

294

11,440

900

1,650

When the audit sample values fell outside the boundaries of the final biweight
distribution, the batches were flagged. The options could then be to exclude these data from
the statistical analysis, reanalyze the samples, or use the original data based on other
evidence that the data are correct. The quality of soil and dust analysis in this project was
equal to or greater than the generally acceptable standards for reporting soil and dust data in
the scientific literature.
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TABLE 3-6. CONSENSUS VALUES AND CORRECTION FACTORS FROM
THE FINAL BMTERCALffiRATION PROGRAM

XRF AAS ICP
Intel-laboratory Consensus Values for Dust (pg/g)

Sample
DUST1
DUST2
DUSTS
DUST4
DUSTS

Study
BOS
BAL
CIN

92.8
342.7

1,319.0
2,943.4

228.3
Interlaboratory Correction

1.1527
0.7803
1.0074

54.2
221.9

1,492.2
2,378.1

232.4
Factors for Dust*

1.0416
0.9616

81.7
283.4

1,362.3
2,133.4

206.2

1.0707

Interlaboratory Consensus Values for Soil (ng/g)
Sample
SOIL1
SOIL2
SOIL3
SOIL*
SOILS
SOIL6
SOIL?
SOILS
SOIL9
SOIL10
SOIL 11
SOIL12
SOIL 13
SOIL14
SOIL15

Study
BOS
BAL
CIN

460.2
960.7

1,140.5
2,493.5
4,139.3

761.0
664.1

1,062.3
2,987.8
6,175.2

13,120.7
335.3

12,498.5
941.3

1.663.2
Interlaboratory Correction

1.0370
1.1909
0.8698

430.5
1,002.1
1,106.2
2,474.2
4,164.1

776.9
623.3

1,049.4
3,272.6
6,863.2

13,645.4
361.5

13,041.6
949.5

1,744.1
Factors for Soil*

1.0166
0.9839

426.6
909.6

1,018.8
2,342.1
3,706.1

736.1
656.0

1,005.4
3,274.9
6,411.5

13,224.7
323.6

13,080.0
923.3

1,716.8

1.0166

1 The correction factor is the value that the reported soil or dust measurement should be multiplied by in order
to adjust each value to a common basis among all dine studies.
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3.2 QUALITY ASSURANCE AND QUALITY CONTROL FOR HAND
DUST

The collection and analysis of hand wipes is an innovative procedure developed just
prior to the beginning of the project. There were few published reports of the measurement
techniques, no certified standards, no internal standards, and little information on which to
base decisions for acceptable analytical precision. Double blind audit samples were provided
to the study QA/QC officer as an external control for hand wipe analysis. These were
prepared as simulated samples by placing a known amount of an appropriate solution of lead
nitrate onto the blank hand wipe at the EMSL/LV laboratory, wrapping and labeling
according to the field protocol and returning to the participating laboratory for insertion into
the sample scheme. There was no attempt to determine interlaboratory variance or to
calculate correction factors. The sttidy QA/QC officer was responsible for reporting
problems to the laboratory director.

3.3 QUALITY ASSURANCE AND QUALITY CONTROL FOR BLOOD
LEAD

The QA/QC program for blood analysis was directed by Dr. Dan Paschal of the
Centers for Disease Control and Prevention (CDC), using the protocols developed for the
CDC blood lead certification program. Each laboratory received double blind bovine blood
samples from CDC Blind Pool 1 and Blind Pool 2 and inserted these blind samples into the
blood sample stream for the duration of the study. The data from this QA/QC program are
shown in Table 3-7. These data show the number of exceedances to be zero for all three
studies. An exceedance occurs when the mean of two replicates exceeds the 99th percentile
range established by CDC. The data also allow estimation of the probability of analytical
drift during the period of analysis. There was evidence for drift in the Boston Blind Pool 2
and marginal evidence in Cincinnati Blind Pool 1. While the statistical analysis of the QC
data for Boston blood lead analyses suggest the possibility of analytical drift (of unknown
direction) for part of the period where blood lead data were being sampled and analyzed, the
statistical methods for evaluating abatement effectiveness used by the investigators and by
this assessment would compensate for any possible analytical drift.
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TABLE 3-7. QUALITY CONTROL RESULTS FOR
CENTERS FOR DISEASE CONTROL AND

PREVENTION BLIND POOL BLOOD LEAD ANALYSES
Blind Pool 1

Study
Boston
Baltimore
Cincinnati

Dates
Jul 89 - Aug
Aug 88 - Oct
Aug 88 - Oct

91
90
90

n
123
66
53

Number of
Exceedances1

0
0
0

Target
Range2

1.9-6.1
3.9-6.2
1.4-5.6

Drift3

0.2092
0.6382
0.0672

n
112
59
48

Blind Pool 2
Number of

Exceedances1

0
0
0

Target
Range2

8.0-13.1
9.2-13.1
6.5-11.2

Drift3

0.0389
0.4748
0.4732

'Number of samples that exceeded the target range established by CDC for each batch of QC blood analyses
within a pool.

2The target range is the upper and lower 99th percentile confidence limit established by CDC and differs for
each Blind Pool and each method of analysis.

3The drift test probability is a P-value for the test of the hypothesis that the slope of the difference between
the reported values and the CDC accepted value is significantly greater than zero. A P-value less than 0.05
indicates this slope may be greater than zero and that some analytical drift may have occurred over time, but
the direction of this possible drift is not indicated by this statistic.

3.4 DATABASE QUALITY
Each study maintained rigorous standards for database quality. These included double

entry, 100% visual confirmation, and standard statistical procedures for detecting outliers.
In reviewing the data for statistical analyses contained in this Integrated Report, some

data ambiguities or errors were found, confirmed, and corrected prior to use in this
assessment. None of these, however, would have impacted the conclusions drawn by the
individual study reports.

This evaluation of the QA/QC data shows that the three studies were comparable in
their ability to meet the requirements of their QA/QC program. Furthermore, their
performance on the audit program and intercalibration exercises suggests that the data are
comparable among the three studies, with the appropriate correction factors shown in
Table 3-6.
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4. INDIVIDUAL STUDIES

4.1 INDIVIDUAL STUDY INTERVENTION STRATEGIES AND
SAMPLING PLANS

4.1.1 Boston Study
The pathway intervention scheme for Boston is shown in Figure 4-1. In Boston, all

properties in the soil abatement group were abated. To be eligible to participate in the study,
the average or median soil lead concentration was greater than 1500 ng/g. The approach to
soil abatement was to remove the top 15 cm of soil, apply a synthetic fabric, and cover with
a layer of about 20 cm of clean topsoil. The new soil was covered with sod or seeded with

•

grass and watered through dry months. Areas not seeded or resodded were covered with a
bark mulch. Some driveways and walkways were covered with 5 cm soil and 15 cm gravel
or crushed bank (stone with dust). On four properties, the driveway and yard were capped
with 7.5 cm asphalt without soil removal, at the owner's request. A total of 93 Boston
properties, including those abated at the end of the project, were abated in this manner. The
information on area treated and volume of soil removed from these properties appears in
Table 4-1. The method of excavation was by small mechanical loader (Bobcat) and hand
labor, for the most pan. Initially, six properties were abated with a large vacuum device
mounted on a truck, but this proved to be unsatisfactory due to the size and lack of
maneuverability. During one extreme cold spell, it was necessary to remove large blocks of
frozen soil, often greater than 15 cm thick, by loosening with a jackhammer.

In Boston, loose paint stabilization consisted of removing chipping and peeling paint
with a HEPA vacuum and washing the surfaces with a trisodium phosphate and water
solution. Window wells were painted with a fresh coat of primer.

Interior dust abatement was performed after loose paint stabilization. Families spent
the day off-site during interior dust abatement. Hard surfaces (floors, woodwork, window
wells, and some furniture) were vacuumed with a High-Efficiency Particle Accumulator
(HEPA) vacuum, as were soft surfaces such as rugs and upholstered furniture. Hard
surfaces were also wiped with a wet cloth (an oil treated rag was used on furniture)
following vacuuming. Common entries and stairways outside the apartment were not abated.
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Figure 4-1. Pathway intervention scheme for dust exposure (Boston Soil Abatement
Study). Bold-line rectangles indicate pathway components monitored by
sequential sampling.

TABLE 4-1. SOIL ABATEMENT STATISTICS FOR THE THREE STUDIES

Number of properties'
Surface area (m2)
Volume soil removed (m3)
Surface area/property (m2)
Volume soil/property (m3)

Boston
36

7,198
1,212

200
34

Baltimore

63
4,100"

690
73
11

Cincinnati
171

12,089
1,813

71
11

'Includes only properties abated during study. Properties abated at the end of the study, where no further
sampling was reported, are not included in this analysis, but are included in the individual study reports.
In Cincinnati, a property is the location of the soil abatement, not the location of the child's residence.

bSurface area not provided by Baltimore report. This was calculated using Boston volume-to-surface ratio,
which is equivalent to an average removal depth of 17 cm.
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Although subsequent measurements of lead-based paint were made, no measurements
were made of the movement of lead from paint to house dust that would reflect the
effectiveness or persistency of paint stabilization. It was believed that any contamination
from lead-based paint would be readily apparent in the dust samples.

Between Rounds 1 and 3, the Boston study lost only three of the original 152 children
enrolled. Twenty-two of the children moved to a new location but were retained in the study
through followup and analysis of their new residence. Children with blood lead
concentrations below 7 pg/dL or above 24 pg/dL had been excluded from the study and two
of the children were dropped from the data analysis when they developed lead poisoning,
probably due to exposure to lead-based paint away from their home.

Baseline characteristics (age, SES as derived from the Hollingshead Index, soil lead,
dust lead, drinking water lead, and paint lead) were similar for the three Boston study groups
(BOS P-S, BOS PI-S, BOS SPI). The preabatement blood lead concentration was higher for
BOS P-S. The proportion of Hispanics was higher in BOS P-S than in BOS PI-S or
BOS SPI, and the proportion of Blacks was lower. There was a larger proportion of male
children in BOS P-S.

Data were analyzed by comparison of group means using analysis of covariance
(ANCOVA), which showed a significant effect of group assignment (intervention) for both
the BOS PI-S and BOS SPI groups. These results did not change with age, sex,
socioeconomic status, or any other variable except race and paint loading (P-XRF
measurement). When blood lead was adjusted for paint lead loading, the effect of the soil
abatement relative to the two control groups was somewhat smaller and had a lower
statistical significance (P * 0.06 versus P = 0.02). Likewise, adjusting blood lead for race
reduced the size and statistical significance of the effect of soil abatement (P = 0.09 versus
P = 0.02).

The Boston study has some limitations. Participants were chosen to be representative
of the population of urban preschool children who were already at risk of lead exposure.
The Boston Childhood Lead Poisoning Prevention Program was used to identify potential
participants from neighborhoods with the highest rates of lead poisoning. Because no study
subjects had blood lead levels below 7 pg/dL or in excess of 24 pg/dL at baseline,
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extrapolation of the effect of lead contaminated soil abatement for children above or below
this range is difficult.

Follow-up blood lead measurements were made in Boston eleven months after
intervention and again at 23 months.

4.1.2 Baltimore Study
In Baltimore, 63 properties in BAL SP were abated between August and November

1990. An additional seven properties that did not meet the requirements for abatement were
transferred to the control group (BAL P2). The pathway intervention scheme is shown in
Figure 4-2. Soil covered areas on each property were divided into segments or parcels,
usually front, back, and side. Any parcel with soil lead concentrations above 500 /ig/g was
abated entirely. Soil and ground cover were removed down to IS cm and replaced to the
original level with soil having a lead concentration less than SO pg/g. These areas were
sodded or reseeded as appropriate. Bare areas were propped and reseeded even if soil lead
concentrations did not warrant excavation. Additional abatement statistics appear in
Table 4-1.

The exterior painted surfaces of Baltimore homes were wet scraped over the chipping
and peeling surfaces, followed by HEPA vacuuming. The entire surface was primed and
painted with two coats of latex paint.

The Baltimore study recruited 472 children, of whom 18S completed the study.
Of those that completed the study, none were excluded from analysis. The recruited children
were from two neighborhoods, originally intended to be a treatment and a control group.
Because soil concentrations were lower than expected, some properties in the treatment group
did not receive soil abatement. In their analysis, the Baltimore group transferred these
properties to fee control group.

Because of logistical problems, there was an extended delay between recruitment and
soil abatement that accounted for most of the attrition of the participating families from the
study. In their report, the Baltimore group applied several statistical models to the two
populations to evaluate the potential bias from loss of participating children. These analyses
showed that the two populations remained virtually identical in demographic, biological and
environmental characteristics.
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Figure 4-2. Pathway intervention scheme for dust exposure (Baltimore Soil Abatement
Study). Bold-line rectangles indicate pathway components monitored by
sequential sampling.

The Baltimore study design focused on changes in biological parameters (hand dust and
blood lead) over an extended period of time. The study provided limited information on
changes in the movement of lead in the child's environment in response to intervention.
Repeat measurements of soil were done for abated properties only, to confirm abatement.
There were no abatement measurements of exterior dust, no interior paint stabilization, and
no interior doit abatement.

Including the prestudy screening measurements of hand dust and blood lead in the
original cohort of participants, the Baltimore study made six rounds of biological
measurements that spanned twenty months.
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4.1.3 Cincinnati Study
The pathway scheme for the Cincinnati study is shown in Figure 4-3. Within each of

six neighborhoods, the Cincinnati study identified all sites with soil cover as discrete soil
parcels. The decision to abate was based on soil lead concentrations for each parcel of land,
and for the depth to which the lead had penetrated. Lead was measured at two depths, the
top 2 cm and from 13 to IS cm. If the average concentration of the top and bottom samples
was 500 fig/g or greater, the soil was removed and replaced, regardless of the adequacy of
the top cover. If any of the top two cm composite samples exceeded 500 ng/g, that parcel
was also abated. Initially, there was an option to cultivate by roto-tilling, but this approach
was abandoned as not feasible in this study. For areas where the top concentration was
greater than or equal to 300 /zg/g, and the average concentration of the top and bottom
samples was less than 500 jig/g and the cover was inadequate, the soil was resodded.
Excavation was by front end loader, backhoe, and hand tools down to 15 cm, and the
replacement soil lead concentration was less than 50 ftg/g. Further abatement statistics can
be found in Table 4-1.

The approach to exterior dust abatement was to identify all parcels with one of several
types of exterior hard surfaces in the neighborhood where dust might collect, to obtain
permission to sample and abate these areas, and to clean them once with vacuum equipment
suitable for the parcel. This vacuum equipment had previously been tested and shown to
remove about 95% of the available dust on the area. The types of surfaces identified were
streets, alleys, sidewalks, parking lots, steps, and porches. For data analysis in the
Cincinnati report, these were grouped as (1) targeted areas adjacent to the exterior of the
buildings where children lived, such as steps, porches, and sidewalks; (2) streets, sidewalks,
and alleys dvoughout the study neighborhoods; and (3) parking lots and other paved areas
throughout tbe study neighborhoods.

The exterior dust measurements in the Cincinnati study (and the interior dust
measurements of all three studies) were made in a manner that determined the lead
concentration (jig Pb/g dust), the dust loading (mg dust/m2), and the lead loading 0*g Pb/m2)
for the surface measured. This required that a dry vacuum sample be taken over a
prescribed area, usually 0.25 to 0.5 m2. It is important to note that dust abatement is
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Figure 4-3. Pathway intervention scheme for dust exposure (Cincinnati Soil Abatement
Study). Bold-line rectangles indicate pathway components monitored by
sequential sampling.

expected to cause an immediate change in the dust and lead loading, but not necessarily in
the lead concentration on dust surfaces.

The Cincinnati group performed interior dust abatement after exterior dust abatement,
moving the families off-site during this activity. Vacuuming of noncarpeted areas, which
was done two times at a prescribed rate of 1 nrVmin, was followed by wet wiping with a
detergent. They replaced one to three carpets and two items of upholstered furniture per
housing unit. Their previous studies had shown that carpets could not be cleaned effectively
with vacuuming alone. Where carpets could not be replaced, these were vacuum cleaned
three times at a rate of 1 nrVmin, recognizing the limitations of this method.

The Cincinnati study recruited 307 children, including 16 children bora to participating
families during the study and SO children from families recruited after the beginning of the
study. In their main data analysis, the Cincinnati group excluded those children who were
recruited after the start of the study, phis 31 children who were living in nonrehabilitated
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housing suspected of having lead-based paint and four children (in two families) who had
become lead-poisoned from other causes. Thus, data for 206 children were analyzed in the
Cincinnati report.

The Cincinnati study abated soil on 140 parcels of land scattered throughout the
neighborhoods. In CIN SEI, where soil abatement was performed in the first year, the
arithmetic mean concentration dropped from 680 /ig/g down to 134 /xg/g. In the two groups
where soil abatement occurred in the second year, CIN I-SE(D) and CIN I-SE(F), the soil
lead concentration dropped from 262 to 125 /xg/g and 724 to 233 itg/g, respectively.

If soil were the only source of lead in the neighborhoods, exterior and interior dust
should have responded to the reduction in soil lead concentrations. Exterior dust lead
loading decreased only slightly following soil and dust abatement, but returned to
preabatement levels within one year. Exterior dust should provide a measure of exposure
intermediate between soil and house dust. Where soil was abated, then exterior dust
abatement should increase the rate at which the impact of this soil abatement can be observed
on the interior dust of homes. But soil is not the only source of exterior lead, especially if
the distance between the soil and the living unit entry way is more than a few hundred feet.
In this case, the recontamination of exterior dust from sources other than soil complicates the
interpretation of the movement of soil lead into the home or to exterior play areas.

Household dust was abated in the Boston and Cincinnati studies, but not in Baltimore.
The BOS SPI and CIN SEI groups received interior dust abatement at the same time as soil
abatement, the BOS PI-S received interior dust abatement in the first year, with soil
abatement in the second year, and the CIN I-SE received interior dust abatement in the first
year followed by soil and exterior dust abatement in the second year.

4.2 DESCRIPTION OF THE DATA
This section focuses on the actual data that formed the basis for the conclusions reached

by the individual study reports. These data consist of measurements of soil, exterior dust
(sometimes referred to as street dust), interior dust (house dust), hand dust, blood lead,
exterior paint, interior paint, and drinking water. The age of the child and the date of
collection were also included in some analyses. Tables 4-2, 4-3, and 4-4 summarize key
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TABLE 4-2. SUMMARY OF BOSTON STUDY DATA1

Median Soil Pb Cone. 0*g/g)
BOS SPI
BOS PI-S
BOSP-S

Median Floor Dust Pb Cone. 0*g/g)
BOS SPI
BOS PI-S
BOS P-S

Median Floor Dust Load (mg/m2)
BOS SPI
BOS PI-S
BOS P-S

Median Floor Dust Pb Load (Mg/m2)
BOS SPI
BOS PI-S
BOS P-S

Median Window Dust Pb Cone. Qtg/g)
BOS SPI
BOS PI-S
BOSP-S

Median Window Dust Load (mg/m2)
BOS SPI
BOS PI-S
BOSP-S

Median Window Dust Pb Load (jig/m2)
BOS SPI
BOS PI-S
BOSP-S

Median Hand Pb Load Gig/pair)
BOS SPI
BOS PI-S
BOSP-S

Median Blood Pb Cone. (pg/dL)
BOS SPI
BOS PI-S
BOSP-S

CM Blood Pb Cone. 0*g/dL)
BOS SPI
BOS PI-S
BOSP-S

Round 1

2,3%
2,307
2,275

2,100
2,240
2,200

24
24
40

52
59
75

13.240
19,667
17,400

293
304
239

7.005
7,1%
4,179

6.75
6.75
5.75

13
12
12

12.36
11.70
11.49

Round 2

125
-
-

845
1,150

950

23
26
28

23
27
27

11,217
10,000
15,500

474
380
239

4,728
4,624
4,441

4.0
5.5
3.5

10
8
9

9.11
8.01
9.19

Round 3

115
2,084
2,212

760
1,030
1,300

15
17
19

16
18
21

21,125
15,650
12,667

373
570
504

5,735
5,697
5,559

3.5
2.0
4.5

10
11
11.5

9.90
10.74
10.75

Round 4

193
278
220

726
806
862

31
31
37

24
28
37

8,780
6,870

12,350

919
500
797

5,402
2,553
6,018

12.5
7.15
9.2

10
8

10

9.07
7.11
8.85

'Group assignments are as used in the Boston study report, and are the same as used in this report.
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_______TABLE 4-3. SUMMARY OF BALTIMORE STUDY DATA1_______

______Round 1 Round 2 Round 3 Round 4 Round 5 Round 6

Median Soil Pb Cone,
BALSP
BALP

Median Floor
BALSP
BALP

Median Floor
BALSP
BALP

Median Floor
BALSP
BALP

Median Hand
BALSP
BALP

Median Blood
BALSP
BALP

GM Blood Pb
BALSP
BALP

440
409

Dust Pb Cone (jig/g)
1,600
1,850

Dust Load (mg/m2)
40
37

Dust Lead Load (/zg/m2)
73
72

Pb Load (jig/pair)
10.7 12.9
13.6 14.8

Pb Cone. (Mg/dL)
12.4 11.0
10.6 10.2

Cone. (Mg/dL)
11.0 9.9
10.9 10.5

22

1,068
1,150

37
38

38
41

7.4 8.5
9.5 6.0

9.8 8.8
9.2 7.4

9.7 8.6
9.1 7.8

-

_ _

_ _

-

12.6 14.9
17.3 13.0

9.9 10.4
8.0 8.0

9.6 9.7
8.1 8.4

'Group assignments are as used in the Baltimore study report, and differ from group alignments used in
this report.

data for all time studies. For the most part, these data are the bases for the results and
conclusions presented in the individual city reports, and also for the statistical analyses in
Chapter 5 of this integrated assessment.

Each study produced similar information about the occurrence of lead in the
environment. The data sets among the studies are not perfectly comparable, however, in that
they differed in the timing of the collection relative to intervention (see Figure 2-1), the
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TABLE 4-4. SUMMARY OF CINCINNATI STUDY DATA1

Round 1 Round 2
Median Soil Pb Cone.

CIN SEI
CIN I-SE
CIN NT

Median Street Dust Pb
CIN SEI
CIN I-SE
CIN NT

0*/g)
680
237

339

Cone, (jig/g)
3,937
3,665
1,583

134
247
346

3,398
3.416
1,156

Round 3 Round 4

142
240
330

2,118
3,411

891

103
262
256

2,559
2,275

968

Round 5 Round 6 Round 7

122 166 132
125 182 138
331 267 266

3,231
3,040
1,086

Median Street Dust Load (mg/m2)
CIN SEI
CIN I-SE
CIN NT

Median Street Dust Pb
CIN SEI
CIN I-SE
CIN NT

Median Floor Dust Pb
CIN SEI
CIN I-SE
CIN NT

454
649
624

Load (/ig/m2)
1,162
2,364
1,005

Cone. 0*g/g)
362
395
229

242
561
755

789
1,618

957

346
388
224

363
326
481

641
1127
498

325
408
209

452
420
477

968
943
587

474
431
213

310
126
654

808
371
442

158
163
162

Median Floor Dust Load (mg/m2)
CIN SEI
CIN I-SE
CIN NT

Median Floor Dust Pb
CIN SEI
CIN I-SE
CIN NT

Median Window Dust
CIN SEI
CIN I-SE
CIN NT

Median Window Dm
CIN SEI
CIN I-SE
CIN NT

Median Window Dust
CIN SEI
CIN I-SE
CIN NT

418
167
147

Load (Mg/m2)
158
69
35

Pb Cone. Otg/g)
1.509
2.000

983
Load (mg/m2)

710
1,258
2,170

Pb Load Otg/m2]
983

2.548
1.782

134
38

126

76
18
32

1,287
1.572

816

433
380

2,534
1

426
360

1.111

135
117
161

54
58
32

922
1,306

548

254
269
324

242
286
172

197
392
200

130
243
34

1.920
2.017
1.399

4.524
9.860
8.573

15,385
26.364
12,849

76
108
92

502
592
302

966
615
648

397
358
227
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TABLE 4-4 (cont'd). SUMMARY OF CINCINNATI STUDY DATA1

Round 1 Round 2 Round 3 Round 4 Round 5 Round 6 Round 7
Median Mac Dust Pb Cone, (jtg/g)

CIN SEI
CIN I-SE
CIN NT

109
132
100

738
939
373

549
702
349

767
722
405

659
889
332

.

.
-

.
_
-

Median Mat Dust Load Incremental Increase
Per Day (mg/nr^/day)

CIN SEI
CIN I-SE
CIN NT

.
-
-

Median Mat Dust Pb Load Incremental

6.5
18.7

1.8
Increase

7.7
4.7
2.0

4.4
4.9
2.7

28.2
16.6
12.2

.
-
-

.
-
-

Per Day (/ig/nf/day)
CIN SEI
CIN I-SE
CIN NT

Median Entry
CIN SEI
CIN I-SE
CIN NT

Median Entry
CIN SEI
CIN I-SE
CIN NT

Median Entry
CIN SEI
CIN I-SE
CIN NT

Median Hand
CIN SEI
CIN I-SE
CIN NT

Median Stood
CIN SOCIN MB
CIN NT

CM Blood Pb
CIN SEI
CIN I-SE
CIN NT

.
-
-

Dust Pb Cone, (Mg/g)
334
425
290

Dust Load (mg/m2)
386
272
348

Dust Pb Load (jig/m2)
112
95

157
Pb Load (fig/pair)

6.0
7.0
3.0

Pb Cone. Otg/dL)
9.2

10.8
9.0

Cone. 0*g/dL)
8.8

10.8
8.3

6.54
7.65
3.30

606
492
367

113
70

238

104
38
80

5.0
7.0
4.0

.
-
-

.
-
-

7.62
5.14
4.67

433
468
317

230
142
294

167
70
88

5.0
5.0
3.0

7.0
9.2
5.9

6.9
9.3
5.7

2.38
3.20
0.99

491
632
286

590
1,394

373

250
588
106

12.0
10.0
5.5

8.0
8.9
6.8

8.8
8.6
6.8

9.80
8.02
5.29

211
102
84

12,671
17,889
14,509

2,502
2,700
1,714

12.5
8.0
7.0

.
-
-

.
-
•

.
-
-

382
598
317

97
161
148

56
103
58

-
.
-

7.9
8.0
6.4

8.2
7.6
7.2

.

.
-

488
615
284

301
513

1,080

150 ^
302
264

-
-
-

8.3
8.8
7.8

8.7
8.9
7.8

'Group assignments are as used in the Cincinnati study report and differ from group assignments in this report.

4-12



spatial distribution of the sampling points relative to the expected exposure to the child, and
the manner in which the data were reduced to a central tendency.

Data were collected in rounds. That is, during a specific period of time, samples were
taken of soil, dust, etc., for a specific objective, such as establishing the concentration of
lead prior to intervention. Usually a round lasted for several weeks, perhaps three to
four months. It may be important to know when a sample was taken during a round,
especially following intervention, in order to evaluate the impact on exposure. Consider the
pathway from soil •* street dust ~ house dust ~ hand lead »• blood lead. One would expect,
if soil alone (not house dust) were abated and the exposure were mainly through house dust,
there would be a lag in time between abatement and response, and the impact of intervention
might become greater with increasing time. Conversely, the impact of intervention might be
reduced with time if there were recontamination, as would be expected if house dust were
abated but soil or other sources were not.

It is important to know how well the soil concentration measurements and house dust
concentration measurements actually represent the hypothesized pathway between soil and
house dust. If the pathways are valid, it is possible to construct a simple exposure scenario
for the individual child and to analyze these scenarios by structural equation modeling. For
example, a young child may spend most of the time indoors, whereupon the exposure
scenario becomes the lead that is available to the child through food, drinking water, air, and
dust (see Figure 2-1). Each of these proximal sources of lead is influenced by one or more
other sources of lead more remote from the immediate exposure of the child.

Some data are specific to the individual child, such as blood lead and hand lead. Some
are specific for the living unit or family, and some are specific for the property. This
distinction is important where there are several siblings in a family or several families in a
dwelling. In such cases, a single numerical value for soil such as a mean or median for the
premises could be heavily weighted if there were, for example, five children living on the
same property.

4.2.1 Measures of Central Tendency for Property Level Soil and Dust
For soil and dust, there is a need to reduce multiple measurements within a round to a

single representative data point, or central tendency, for each property or living unit. In
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order to determine the appropriate central tendency for this measurement, the Scientific
Coordinating Committee discussed several alternatives at great length without reaching a
consensus. Therefore, different measures of central tendency were reported in each of the
three studies. The following is an extended discussion of each of these measures, followed
by an argument for the use of the arithmetic mean as the best measure in these
circumstances.

The procedures for selecting a representative soil sample were based on the statistical
distribution of data in each study. The Boston study used the median, giving no weight to
extreme values. The Cincinnati study used the geometric mean, a method that is often used
when the measured values are lognormally distributed, because it gives lesser weight to
extreme values. The geometric mean is always lower than the arithmetic mean for any set of
positive values and therefore may be an underestimate of the exposure to the child.

The distribution problem was approached differently in Baltimore, where the tri-mean
was calculated as the weighted average of the first, second, and third quartiles:

X = ^' ~*2 v\ (4-1)
4

where
X = tri-mean, and
Qn = mh quartile (C2 = median).
The tri-mean approach gives some consideration to the uneven distribution of values

without unduly weighting the extremes. The tri-mean is equivalent to the arithmetic mean if
the distribution is perfectly symmetric.

An Ane approaches assume that the sampling pattern is random and that exposure to
soil is spatially random. Neither condition is strictly true in all three studies. One-third to
one-half of the soil samples were taken 1 m from the foundation of the home, where
concentrations are known to be higher than elsewhere. Because of playtime interests,
parental instructions, or other influences, the child tends to play in specific areas that may
represent less than 25% of the total soil area. All three studies collected some soil samples
from play areas, where these could be identified.
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It would seem reasonable that die ideal method for selecting a representative value
should focus on the relationship between the soil and the child. The best measurement of
central tendency is one that perfectly represents exposure to the child. This means that
outside play activity patterns and exterior dust traffic patterns into the home must both be
evaluated. In the case of outside play activities, a sample would be taken at each location
where the child played and this sample would be weighted according to factors such as the
time spent playing there and the frequency of hand-to-mouth activity during that time.
Because this information is not available, a simplifying assumption is that weight should be
given to the location of the sample rather than concentration. Location, not lead
concentration, is the child's basis of choice for a play environment. An exposure weighted
mean of the soil samples would seem to be the most direct approach. This would be an
arithmetic mean of soil values corrected for the degree of exposure to the child. For
example, a sample taken from bare soil in an area observed to be a play area would be given
a high weighting factor for exposure. Grass covered areas with limited accessibility would
be weighted on the low end of exposure. Although cumbersome, this method is feasible
because such information was collected at the time of sampling in each study. The drawback
is that the method emphasizes the direct, outdoor playtime contact between the child and the
exterior dust, and does not consider odier routes of dust exposure, such as soil •» household
dust.

An alternative solution is to consider that the child has equal exposure to die entire
surface of the soil. In this case, the perfect sample would be to scrape up this upper 2 cm of
soil, homogenize it and take a sample. Theoretically, this is equivalent to sampling in a
random pattern and taking the arithmetic mean of these samples. In this project, random
locations were taken along lines specifically selected to represent the expected high- and low-
concentration areas of the plot of soil. In this sense, die arithmetic mean is the best measure
of the central tendency of soil data for a property, and is die statistic used in this report.
Then, for populations of children at die neighborhood or higher level, die median or
geometric mean of the arithmetic property mean is die preferred measure of central tendency
for groups of children where extreme values should be suppressed.
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4.2.2 A4justments and Corrections to the Data
4.2.2.1 Subjects Dropped from Study

During the analysis of their data, the Boston group discovered that two children of the
same family had apparently become exposed to lead-based paint abatement debris while
staying at a house outside their neighborhood during a time when it was being remodeled.
Both siblings had blood lead concentrations that had tripled in less than five months, between
Rounds I and 3, from 10 to 35 /ig/dL and 17 to 43 ugldL. The Boston group analyzed their
data with and without these children, eventually excluding these data from the analyses used
to test their hypothesis. This Integrated Report accepts the conclusion that the data are
outliers and also dropped them from further analysis.

There were four children identified by the Cincinnati investigators who were either
chelated prior to or during the initial stage of the study, or who were victims of careless
remodeling work. These four children were excluded from the Cincinnati analyses and from
this assessment as well. Baltimore did not exclude any children based on medical
intervention or careless remodeling.

The exclusion of these children in Boston and Cincinnati from statistical analyses was
not arbitrary but followed extensive discussions among all participants in the project. This
exclusion differs from the internal exclusion that occurs within specific statistical tests where
several individuals may not meet the conditions of the test. For example, in one of their
analyses, Baltimore compared the blood lead concentrations for children in Rounds 1 and 6.
By specifying that a child must have been present for both rounds, this selection excluded
children recruited in Rounds 2 and 3, and any children whose blood was not sampled in
Round 6. For other statistical analyses, some or all of these children may have been
included. For all statistical analyses in this report that involve blood lead measurements for
specific rooads, a child is included if a blood lead measurement was taken for that round and
if other data required for the analysis are also available.

4.2.2.2 Unit Conversion
All data were converted to common units, usually metric. Corrections were made for

analytical blanks or similar analytical adjustments, as reported by each individual city
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research team. In this assessment, all data for soil and dust were adjusted by the
interlaboratory correction factor specific for each study and shown in Table 3-6.

4.3 STUDY DESIGNS
4.3.1 Design Differences

Table 4-5 describes the design differences among the three studies. While considerable
effort was made to coordinate the study designs so as to assure the highest possible degree of
comparability among study results, the investigators in the three cities faced different design
issues that precluded carrying out completely identical or equivalent studies. Thus, although
participant recruitment and certain ether aspects were similar across the three cities, some
salient differences are also worth noting.

The first difference was that there were different levels of remediation or treatment
among the cities. Boston used two comparison or reference groups in addition to the soil
abatement group, whereas Baltimore used only one such group. In the Cincinnati study,
there were three levels of intervention. Also, the trigger level for soil lead removal varied
somewhat across the cities. In the Baltimore and Cincinnati, a maximum level of 500 /xg/g
or greater in die parcel or residential property triggered soil removal. In contrast, all Boston
properties had mean or median soil concentrations exceeding 1500 ng/g. Properties recruited
in the Boston study were scattered across four large neighborhoods or urban areas, although
households were assigned at random to the treatment group for soil removal and not
specifically limited to any given neighborhood. This randomization approach in Boston
provides a more thorough statistical treatment of multiple sources of lead and analysis of
environmental cotactors. The Baltimore study was carried out in two large neighborhoods,
with soil lead removal restricted to only one of the neighborhoods (Lower Park Heights).
Most houses above the soil lead trigger level in the Lower Park Heights neigborhood in the
Baltimore study had yard soil removed, but some did not, and no house in Walbrook junction
had soil removed. The Cincinnati study was carried out in six smaller neighborhoods, with
soil and exterior dust removal only carried in the Pendleton neighborhood. In the Cincinnati
study, all parcels in Pendleton above the soil lead trigger level had soil removed in the first
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TABLE 4-5. DESIGN DIFFERENCES AMONG THE THREE STUDIES

Design Feature
Number of treatment groups
Number of rounds with blood Pb
measurement
Interval between abatement and final
Pb measurement (months)

Soil removal trigger level (pg/g)
Paint stabilization
Number of neighborhoods
Participant recruitment
Treatment assignment to participants
Control groups with no intervention

Age structure of participants (%)

Ethnicity (%)
Black
Hispanic
White
Other

Male/female ratio
Blood sample collection

blood

.
0-1
1-2
2-3
34
4-5
5-6
6-

Rl
R2
R3
R4
R5
R6
R7

'Dwelliac '•*'» bad been thoroughly rehabilitated
paint.

Boston

3
4

22

1,000

Interior
4

Volunteer
Random

No
2.7

24.0
34.0
34.7
4.7

51
15
7
27

47/53

1-2 mo preabate
3-4 mo after Rl
10 mo after Rl

22 mo after Rl

20 yean prior to

Baltimore

2

6

10

500

Exterior

2

Volunteer
By Neighborhood

No
8.6
17.6
18.1
18.4
20.3
14.5
2.5

100
0
0
0

48/52

24 mo preabate
12 mo preabate

5-8 mo preabate
8-10 aw after R3
14-16 mo after R3
18-20 mo after R3

Cincinnati

3
5

20

500

None1

6

Volunteer

By Neighborhood
Yes

29.9
17.2
17.6
15.8
14.0
5.4

97
0
2
1

44/56

1-2 mo preabate

3-4 mo after Rl
11 mo after Rl

16-18 mo after Rl
22-24 mo after Rl

study, leaving little exposed lead-based

year. Soil abatement occurred during the second year in die Back, Dandridge and Findlay
neighborhoods, and in die control groups at the end of die study.
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Paint was stabilized inside all Boston nouses and outside all Baltimore houses, but not
in Cincinnati where it was believed that only gut-rehab houses had been recruited into the
study. No Baltimore residence received interior abatement, either of dust or lead paint,
whereas the majority of the residences in the Boston and Cincinnati studies received interior
dust abatement whether or not they were in the soil removal treatment group. Exterior dust
abatement was performed only in Cincinnati.

Demographic differences among study populations should also be noted. The age
distribution of children at the time of abatement differed among the three studies. The
Baltimore group had more children of age at least four years, since many of the children had
been initially recruited up to 2 years earlier. Almost all of the children initially recruited in
the Baltimore study were of African-American ancestry; by the final phase of the study,

•

100 percent of the study group was African-American. The Cincinnati study group was
slightly more diverse, with a small percentage of Caucasians of Appalachian origin. The
Boston group was the most diverse, with substantial subgroups of white and Cape Verdean
children, and also with a large percentage of African-American children. Percentages of
male and female children differed somewhat among the cities. While all of these inner city
households tended to be economically disadvantaged, the majority of the households in
Baltimore were occupied by the property owner, which was uncommon in the other two
cities.

Lastly, as for biological measurements indexing changes in lead exposure, each study
involved collection of preabatement and postabatement blood samples and their analyses.
However, the numbers of sampling points varied across the studies. The studies had four to
six rounds of blood lead collection, with one to three pre-abatement rounds, a short-term
post-abatement round (about two or three months), and two to three rounds up to two years
post-abatement

4.3.2 Strengths and Weaknesses of Study Designs
In an ideal situation, each study would have been designed around a neighborhood

where soil was a significant source of dust in the child's environment and mis soil contained
an amount of lead sufficient to impact the child's exposure. There would also be no other
sources of lead in the child's environment, and the child's history of lead exposure would
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have been stable. The study would incorporate all children in the neighborhood and these
children would be demographically similar to a representative sample of children across the
United States. Their behavior and activity patterns would also be similar and representative.
Children would be randomly assigned to a study group, and the population would be
sufficiently large to test the main hypothesis as well as any other question that might arise
concerning sibling, ethnic, age. and sex effects. The sample design plan should be sufficient
to establish the pattern of lead exposure for the child population prior to intervention,
including seasonal cycles and long term trends in blood lead and dust lead loading.

None of the three studies in this project met these ideal conditions, nor could any other
neighborhood in any city. The issue then is whether any departure from this ideal design
seriously impacted the conclusions that the study could have made under ideal circumstances
or did make under these more realistic circumstances. In this respect, the strengths and
weaknesses of the three study designs are discussed and the hypotheses of the individual
studies are reevaluated

The strong points of the Boston study are that it was designed as a group of
demographically similar neighborhoods where soil was a significant source of dust and lead
exposure. It appears that die children were also similar in terms of behavior and activity
patterns and diverse in age, ethnicity, and sex. The main weaknesses in the Boston study are
that some children were excluded from selection into the study because of high or low blood
lead concentrations. This truncation of blood leads above 24 ng/dL, excluding these
children may have substantially diminished the impact of intervention, on the assumption that
children with higher blood lead concentrations would show a greater response to reduced
exposure. This hypothesis is tested in this assessment.

There was also a sufficient amount of lead from interior and exterior lead-based paint in
most residences to partially obscure the impact of soil abatement. The Boston properties
were not contiguous, so that no measure of neighborhood level lead exposure of intervention
can be nude. Even though the Boston study may not represent typical U.S. urban
neighborhoods, the study is likely applicable to a broad range of circumstances because the
experimental treatment was assigned at random to children living on properties in four
distinct neighborhoods, and this randomization in study design is likely to have eliminated
many neighborhood level confounding factors.
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The Baltimore study design incorporated two demographically similar neighborhoods,
one designated as a treatment group and the other a control. Soil may have been a
significant source of dust in the child's environment, but the soil and dust sampling protocols
were inadequate to test this hypothesis. The Baltimore group identified up to four parcels of
soil on each property and abated any parcel where the maximum soil concentration exceeded
500 jig/g- In those cases where the abated parcel, by circumstance, was not one that the
child would play on or one that would contribute in any other way the child's lead exposure,
then there would be no change in the child's lead exposure in response to abatement and no
expected decrease in blood lead, even though the property was in the "abated" group. This
type of error, normally called "misciassification", could not be evaluated in this assessment
because the soil samples were not identified by parcel identifiers.

For blood lead and hand lead, the Baltimore study sampled three preabatement and
three postabatement rounds. While it is possible that these data may be sufficient to identify
a seasonal cycle or a long term trend similar to that discussed in Section 2.3.1, analyses for
these effects were not made by either the Baltimore report or in this assessment. In the
Baltimore study there was insufficient lead in the soil to demonstrate an effect of abatement
and there was a substantial amount of lead in exterior and interior paint to obscure the impact
of intervention. Windows were not included in the sampling pattern for house dust. The
floor dust was sampled only once for most children, which is not frequently enough to detect
changes in the child's exposure to environmental lead. For some children there was a
postabatement dust sample taken.

The Cincinnati study alone evaluated intervention on a neighborhood wide basis. The
frequency of environmental sampling was sufficient to identify important features of
environmental dust mobility. However, soil appears not to have been a major contributor to
house dust, nor was die soil lead concentration sufficiently high to impact exposure to
environmental lead through exterior dust. Most of the lead in exterior dust appears to have
come from nonsoil sources. Of die six neighborhoods in the Cincinnati study, one (Back
Street) was too small to continue in the study, and another (Glencoe) may have been
demographically distinct from the rest. Children were assigned to study groups based on
their resident neighborhood rather that randomly assigned from the group of neighborhoods.
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and these neighborhoods were grouped by the Cincinnati investigators into treatment and
control groups in a non-random fashion.

4.3.3 Modifications of the Hypotheses
Each study developed a specific hypothesis that was intended to be tested by the data

and observations from the original study design. For the purposes of clarification only, this
report restates the original hypotheses in a form that is more amenable to statistical
interpretation. This clarification will aid the reader in understanding the statistical analyses
that are presented in Chapter 5. In the case of Boston and Cincinnati, the original
hypotheses are broken into three subhypotheses.

The first subhypothesis for Boston identifies their group "S" as the primary treatment
group, and the second hypothesis identifies group "A" as a positive control group.
An analogous distinction is made for the Cincinnati study, with the first subhypothesis for the
soil abatement neighborhood of Pendleton, and the second subhypothesis for dust abatement
neighborhoods Back Street, Dandridge, and Findlay. No subhypotheses were designed for
the Baltimore study, since the neighborhood effects were confounded with treatment effects.
In the EPA reanalyses, additional subhypotheses were developed based on post hoc
differences between certain subgroups. The formal statement of the original Boston
hypothesis is:

A significant reduction (equal to or greater than 1,000 pg/g) of lead in soil
accessible to children will result in a mean decrease of at least 3 ng/dL in the
blood lead levels of children living in areas with multiple possible sources of lead
exposure and a high incidence of lead poisoning.

The actual hypothesis that was tested is similar to this and might be restated as follows, in
the null form:

(i) A one-time reduction of at least 1000 ppm in average soil lead concentration
of residential property without substantial deteriorating exterior lead paint,
accompanied by remediation of interior household dust and control of
recontamination of interior dust by stabilization of interior paint, will not
result in a reduction of blood lead in children living at the residence.

(ii) A one-time dust lead abatement inside a residential property without
substantial deteriorating exterior lead paint, accompanied by control of
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recontamination of interior dust by stabilization of interior paint, mil not
result in a reduction of blood lead in children living at the residence.

(Hi) The reduction in (i) will not be greater than the reduction in (ii), if any.

The original primary Cincinnati hypothesis, pertaining to blood lead levels, was stated
as

(1) A reduction of lead in residential soil accessible to children will result in a
decrease in their blood lead levels.

(2) Interior dust abatement, when carried out in conjunction with exterior dust
and soil abatement, would result in a greater reduction in blood lead than
would be obtained with interior dust abatement alone, or exterior dust and
soil abatement alone.

To reflect actual experimental conditions, this hypothesis could be modified as follows
and restated in the null form

(i) A one-time reduction of lead in accessible soil and in street dust in a
neighborhood, accompanied by abatement of household dust in the child's
apartment or residence unit, will not result in a reduction of blood lead in
children living in gut-rehab housing in the neighborhood.

(ii) A one-time reduction of lead in household dust in the child's apartment or
residence unit, will not result in a reduction of blood lead in children living
in gut-rehab housing in the neighborhood.

(Hi) The reduction in (i) will not be greater than the reduction in (ii), if any.

The original Baltimore hypothesis, stated in the null form, is
A significant reduction of lead (^1,000 ng/g) in residential soil accessible to
children will not result in a significant decrease (3 to 6 ng/dL) in their blood lead
levels.

A restatement of this hypothesis that takes into consideration the actual preabatement
conditions and stated in the null form is

A one-time reduction of at least 500 ppm in the maximum lead concentration in yard
soil, even when not accompanied by abatement of household dust or lead paint inside
the child's apartment or residence unit, will not result in a reduction of blood lead in
children living in housing in which exterior lead paint has been stabilized.

4-23



The actual statistical hypotheses and subhypotheses are all expressed as "null
hypotheses", that abatement has no effect, makes no difference, or causes no change
compared to no abatement, after other processes or changes have been taken into account.
This differs some what from the original statement of the hypotheses by the investigators.
To clarify this distinction, a little algebraic notation may be helpful. Let "E" denote the size
of the abatement effect, for example, a reduction in blood lead concentration in the
abatement group relative to a control group, and let s.e.(E) denote the estimated standard
error of the effect size estimate. Most statistical tests carried out by the investigators and by
EPA involve use of statistics that are essentially equivalent to a V statistic, defined by

t =
s.c.(E)

For the original hypothesis proposed by the Boston investigators, where a blood lead
reduction of at least 3 /zg/dL, was stipulated, a somewhat different t statistic would be
appropriate,

s.e.(E)

Similar alternative hypotheses were adopted in a roughly similar form by the Baltimore and
Cincinnati investigators for the purpose of power calculations to aid in study design. In this
report as well as in their reports, inferences were in fact based on statistics like "t" for
testing no effect.

4.4 INDIVIDUAL STUDY CONCLUSIONS
In their report following the first phase of their study, the Boston group stated their

conclusions:
"...this intervention study suggests that an average l,856ppm reduction in soil
lead levels results in a 0.8-1.6 pg/dL reduction in the blood lead levels of urban
children with multiple potential sources of exposure to lead."
Following the second phase of the study, they concluded (Aschengrau et al., 1994):
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'The combined results from both phases suggest that a soil lead reduction of
2,060ppm1 is associated with a 2.2 to 2.70 ng/dL decline in blood lead levels.'

The basis for their initial conclusions consisted of an analysis of variance comparing
mean blood lead changes among the three intervention groups, paired t-tests for within group
effects, and analysis of covariance with one-at-a-time adjustment for age, SES, race, sex,
paint, water, and mouthing behavior. The analysis of covariance was performed using no
transformation of blood lead data, which appeared to be normally distributed.

The conclusions from the second phase of the study are based on additional analyses of
phase one and phase two data using two-way analysis of variance (ANOVA) with repeated
measures. Soil was abated for the two original control groups (BOS PI-S and BOS P-S) at
the beginning of phase 2. The reduction in blood lead is based on pre- and postabatement
measurements of all three groups.

The Baltimore group stated their conclusions as follows:
"Statistical analysis of the data from the Baltimore Lead in Soil Project provides
no evidence that the soil abatement has a direct impact on the blood lead level of
children in the study.'

"In the presence of lead-based paint in the children's homes, abatement of soil
lead alone provides no direct impact on the blood lead levels of children."

The basis for these statements consisted of an adjusted and unadjusted analysis of
selected covariates. The natural log of the blood lead of children in the treatment group
showed no significant difference from the natural log of the blood lead of children in the
control group, even when adjustments were made for: age, SES, hand lead, season, dust,
soil, sex, weak mouthing behavior, or strong mouthing behavior. These analyses were made
on two sets of data. The first set consisted of all children enrolled in rounds one and six.
The second fraup consisted only of children enrolled in all six rounds.

The Cincinnati conclusions can be paraphrased as follows based on their individual
repon:

Following interior and exterior dust and soil lead abatement, blood lead
concentrations decreased (in Area A) from 8.9 to 7.0 (21%) but increased to 8.7,

1 This value for soil, 2,060 ppm, cited in their published repon, was not adjusted by the Boston group with the
Intel-laboratory correction factor of 1.037 in Table 3-6.
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10 months postabatement. Following interior dust abatement alone blood lead
concentrations decreased from 10.6 to 9.2 (13%) four months postabatement and
were 18% below preabatement 10 months postabatement. With no abatement,
blood lead levels decreased by 29 and 6% during these same time periods. Other
comparisons also revealed no effects of the soil or dust abatement.

There was no evidence that blood lead levels were reduced by soil lead or dust
abatement in Area A (with soil, exterior dust, interior dust abatement). There was
a slight reduction (net reduction over control area) of 0.6 pg/dL in Area B that
might be attributed to interior dust abatement. This difference is not statistically
significant.

The basis for the Cincinnati conclusions was a comparison of environmental and blood
lead data for the three treatment groups from Rounds 1, 3, 4, 6, and 7 and of additional
environmental data from Rounds 2 and 5.
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5. RESULTS OF INTEGRATED ANALYSES

5.1 CONCEPTUAL APPROACHES TO EVALUATING RESPONSE TO
ABATEMENT
Many statistical procedures rely heavily on an analysis of the correlation structure of

the data (how one variable changes in response to or in conjunction with another, co vary ing
variable) within a single measurement period or round of measurement, and on the
longitudinal structure of the sampling scheme, where several rounds of measurement are
made. In preparation for a detailed description of statistical methods, the following
discussion briefly reviews the variability of the key variables and the correlation structure
among their covariates.

In designing the three individual studies, the investigators expected that blood lead,
hand wipes, and house dust would be predictors of childhood lead exposure. Changes in
blood lead levels, in hand lead levels, and in household dust lead levels were expected to
occur in response to effective intervention and in response to other biological and
environmental changes that occurred independent of intervention. Many of these patterns of
change were discussed in Chapter 2 and are reviewed briefly here. As shown earlier in
Figure 2-7, blood lead concentrations in young children often increase up to ages 2 or
3 years, which are peak ages for ingestion of soil and dust during play, and then decrease
slowly in older children (U.S. Environmental Protection Agency, 1986; Clark et al. 1988).
Hand lead loadings increase steadily with age (Bornschein et al., 1988). House dust lead
levels may increase or decrease as changes in sources or exposure pathways cause changes in
the amounts of dust that move through the environment and in the amounts of lead in that
dust.

Childhood blood lead concentrations are, to some extent, a measure of the recent
history of lead exposure and may respond to environmental changes in lead within a time
frame of a few months (see Figure 2-4). Reductions in blood lead due to reductions in
exposure possibly attributable to intervention might be somewhat attenuated by the
remobilization of lead in bone tissue. Figure 2-4 shows the complexity of biokinetic
translocations of lead when the total body burden is decreasing. If the total lead exposure of
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the child decreases, there seems to be no doubt that the blood lead concentrations would also
decrease, but measurements of this decrease would be complicated by the remobilization of
bone and other tissue lead, and interpretation of these measurements would be complicated
by the knowledge that the reduction in exposure cannot be fully attributable to reductions in
soil lead exposure.

Changes in blood lead must be interpreted in the context of four time-dependent effects
that are independent of each other, as summarized below.

(1) Seasonal changes in children's blood lead concentrations have been
reported in several longitudinal studies. These usually show a peak in
blood concentration during the late summer months.

(2) Changes occur with age during early childhood such that blood lead
concentrations usually peak between 18 and 27 months of age.

(3) Long-term changes in national baseline levels of exposure, believed to be
mostly from reductions of lead in gasoline and in food, are reflected in a
downward trend for U.S. childhood blood lead levels observed since
1978.

(4) Further changes can be attributed to household- and neighborhood-level
interventions of the types reported in this project.

The first three of these effects were discussed in Section 2.3 and are summarized here. The
fourth is the main topic of this chapter.

5.1.1 Expected Impact of Intervention
5.1.1.1 Expected Impact of Soil Abatement on Exterior and Interior Dust

The key to understanding die impact of soil abatement on interior dust is to observe
changes in the three components of the interior dust measurement: lead concentration
(micrograms of lead per gram of dust), lead loading (micrograms of lead per square meter),
and dust loading (milligrams of dust per square meter). Where there was no interior dust
abatement, die lead concentration in interior dust should decrease gradually over time in
response to soil abatement, provided that the influence of other sources such as lead-based
paint have been minimi7j»H Also, the lead loading should decrease if the dust loading
remains constant. If interior dust abatement has occurred, the lead concentration should
gradually reach some new equilibrium concentration determined by the sources of lead and
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dust, and the lead loading and dust loading should increase and decrease in tandem according
to the pattern of (a) dust movement to the house or other play environment and (b) frequency
and efficiency of housecleaning.

Chipping and peeling lead-based paint can contribute vast amounts of lead to household
dust over a relatively short period of time. A single chip 5 cm x 5 cm at 6 mg Pb/cm2

contains enough lead (150,000 /xg) to increase the concentration of lead in a house with
7 g dust (54 mg/m2 x 130 m2) by 21,000 jtg/g. In this project, chipping and peeling paint
was removed by paint stabilization. But there is no measure of the amount of lead that
passes from paint to housedust by other routes, such as abrasion, weathering, or microscopic
flaking. In the interior of Boston homes, paint stabilization also included repainting the
surfaces with a coat of latex primer paint to slow or minimize recontamination of interior

•

house dust from paint.
The confounding effect of lead-based paint can be minimized in three ways:

(1) exclude homes with lead-based paint; (2) stabilize the paint so that the rate of
incorporation to house dust is minimized; and (3) compare measurements for areas where the
influence of lead-based paint is probably high relative to soil with data for areas where the
relative influence is low.

Exterior dust was measured and abated in the Cincinnati study only, and the results
suggest a highly fluctuating rate of recontamination from non-soil sources. With a source of
lead of this magnitude at the neighborhood level, it is virtually impossible to measure the
impact of soil abatement on house dust directly. However, if abatement is considered on the
broader scale, where neighborhood cleanup would include soil, external dust, and any other
sources of lead external to the home, then the house dust measurements made immediately
inside the homes can be used to assess this "total neighborhood abatement".

5.1.1.2 Expected Impact of Soil and Dust Abatement on Hand Lead Loading
It was expected that hand dust would serve as a surrogate measure of changes in

exposure following abatement, to augment information about blood lead changes. Hand dust
reflects the child's recent exposure (since the latest hand washing) but is only a measure of
lead loading, not lead concentration or dust loading, because the total amount of dust is not
measured. Consequently, it is not possible to infer the source of lead (soil or paint) by
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differences in concentration, nor is it possible to assess the housekeeping effectiveness by
observing changes in hand dust loading, as with house dust loading. In fact, even the
changes in hand lead loading proved to be a poor indicator, in this project, of changes in
blood lead.

5.1.1.3 Expected Impact of Soil and Dust Abatement on Blood Lead Concentrations
Soil lead remediation in residential yards was expected to have both direct and indirect

effects on childhood lead exposure. The direct effect of removing lead contaminated soils is
to prevent access to the lead in the soil. For most children, direct exposure to lead in soil is
likely to come from fine particles of loose soil or exterior surface dust that adhere to the
child's hands and are transferred to the child's face and mouth during hand-to-mouth contact
that is part of normal behavior for preschool children and infants. Most children do not eat
large quantities of soil. Quantitative estimates of soil ingestion by children are limited and
highly variable, probably due to differences in methodology and choice of tracer element
used in determining the estimate (U.S. Environmental Protection Agency, 1989).
By calculating a single estimate of soil ingestion for each subject, Stanek and Calabrese
(1995) determined the median daily soil ingestion for 64 children living in Amherst, MA.
Mean soil ingestion estimates were 45 mg/day or less for 50 % of the children and 208
mg/day or less for 95% of the children. Some children may regularly ingest a large amount
of soil either in a non-pica situation where the child is on the upper tail of a unimodal
distribution for soil ingestion, or in a pica situation, where the child habitually eats nonfood
objects such as soil. Some adults (soil or clay eaters) are known to experience geophagia,
but these are atypical conditions and are not appropriate for assessing soil risks for the
majority of children.

Soil if also a source of lead in dust in the child's play areas. Soil in the residential
yard may be tracked into the house by its occupants (including pets), and fine exterior dust
particles may become re-entrained and carried into the house as micro-scale air contaminants.
Fine dust particles may adhere to the child's hands and may contaminate food during its
preparation. This dust is usually a more important medium of lead intake than is the direct
ingestion of soil. The soil lead pathway is one of several possible sources of lead in dust
(see Figure 2-3).
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Blood lead concentrations should respond to soil and dust abatement through the impact
of intervention on two routes of exposure: (1) hand-to-mouth activity, reflecting the impact
of interior house dust and exterior play area dust on exposure; and (2) food contamination,
reflecting the incorporation of house dust in food during kitchen preparation. There was no
measure of the incorporation of house dust into food during this project. Intuitively, the
impact of interior dust abatement should be the same, or at least comparable, for food and
hand dust. In some homes, however, lead-based paint is found primarily in kitchens and
bathrooms, where the remobilization of lead in dust from lead-based paint following
stabilization would have a greater impact on food than hand dust. There is a limited amount
of data, not yet analyzed, where kitchen floor dust can be compared to bedrooms and other
living areas, and likewise for window wells. Most of these data, however, are from the
Cincinnati study, where there was a minimum influence of lead-based paint.

5.1.2 Evaluation of Specific Statistical Approaches
The studies in each of the three cities are characterized as longitudinal intervention

studies with fixed treatment groups, and there are at least seven statistical methods that could
be used to analyze their data. Of the seven methods, ranging from the simplest analysis of
blood lead data alone to complex analyses of changes in blood lead concentrations that occur
in response to changes in environmental lead over time, this assessment used four methods
for each of the three studies. In this introductory section, each of the seven methods is
discussed, with the rationale given for whether or not the method would be appropriate for
this assessment. A more detailed description of the statistical methodology is given in
Sections 5.4, 5.5, and 5.6. The seven methods are

1. Cross-sectional analysis of variance
2. Cross-sectional analysis of covariance
3. Cross-sectional structural equation models1

4. Longitudinal analysis of covariance
5. Repeated measures analysis of variance1

6. Repeated measures analysis of covariance1

7. Longitudinal structural equation models1

1 Methods used in this report.
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By using more than one method, and by using methods that, in general, are more
comprehensive in their treatment of the data, this assessment is able to increase the strength
of the conclusions and, in some cases, provide a more detailed explanation of the nature of
the effect than appeared in the individual city reports.

The statistical methods described above differ primarily in the complexity with which
they treat the data. This complexity arises from the stepwise insertion of mathematical terms
into what is otherwise a very simple equation, usually in a linear form. These equations are
presented below and, as an aid to the reader, descriptive graphics and simple mathematical
solutions to the equations are provided.

5.1.2.1 Cross-sectional Analysis of Variance
The first method, not used in this assessment, is a simple cross-sectional analysis of

variance, with each round treated separately, as illustrated in Figure 5-1. In Figure 5-1, we
show two groups of children, denoted "A" and "B". These groups are observed at several
times (rounds), at least once before and after the soil abatement, shown as separated by a
vertical dashed line. The amount of lead present in the residence and in the child at each
round is suggested by the number of dots in each figure. The changes from soil abatement
in group B are shown by the smaller number of dots in the yard and residence, and the
expected effect of abatement is shown by the smaller number of dots in the child, implying a
reduction in blood lead and therefore a reduction in the total body burden of lead. A simple
analysis of variance would compare the group mean blood lead between Group A and Group
B. Before abatement, the two groups appear roughly equal. After abatement, Group B has a
lower blood lead than Group A. The effect size would be calculated as the difference
between the groups after abatement. This approach is a simplified description of one of the
analyses uaed in the Baltimore report. The children in each group may be somewhat
different at each round, depending on attrition and recruitment. An alternative version of
this approach uses the change in blood lead in each child from a preabatement round to a
postabatement round, which is a simplified description of one of the approaches used in the
Boston report.

The equations of this method are fairly simple and form the basis for die more complex
analyses that use computing capabilities that are much stronger than were available earlier for
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Group A
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Before After

Figure 5-1. Analysis of variance. Blood lead is compared across treatment groups at
each round. Environmental measurements of dust and soil are not part of
the statistical analyses. The density of dots in the house and child figures
shows a scenario in which soil abatement in group B reduces soil lead,
house dust lead, and blood lead. Comparison of Group A and Group B is
made only at the postabatement round, where the vertical dashed line
separates pre- and postabatement scenarios.

routine analyses. For an analysis of variance of factors that influence blood lead
concentrations, only the group effect is evaluated, which means that the statistical test simply
looks for a syMematic difference between groups, while excluding the effects of covariant
data such as age and sex. If the children in each group are otherwise equivalent, then the
group effect is, by inference, the effect of treatment on the child. In a representative
equation for this method, the response variable, Y^ (e.g. blood lead for child i at round r) is
estimated by the equation
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Y = G + «. (5-1)
IT fT IT V '

Y;> is the response variable for child j at round r
Ggr is the fixed mean response for treatment group g at round r
eir is an error term, referred to as measurement error, for child / at round r

The term Ggr can be used to calculate the effect size. Each of these statistical methods
allows estimation of an effect size, which cannot be defined as an intrinsic property of a
group or treatment. Rather, it is defined in terms of a relationship to a control group or
combination of control and treatment groups. It is important to compare treatment groups
with control groups because even "control" groups may change over time or may respond to
nontreatment environmental influences. The effect size, AGr for the analysis of variance
method would be calculated as the difference in fixed effect between two treatment groups at
each round separately:

AG, = Glr - G^ (5-2)

In the case where some households in a group have multiple siblings, analysis of variance
could also be used to separate the treatment group effect from a random household effect

for each round r separately, using the equation:

(5'3)

then estimating the treatment group effect at each round as above,

AG, ' Glf - Gj, (5-4)
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The advantage of analysis of variance is that this method can deal with multiple groups
or treatments. The limitations are that it can be applied to only one response variable and to
the before/after treatment differences for that variable. The method ignores the correlation
structure among the measurements and, thus, does not have the capability to adjust for
covariates.

5.1.2.2 Cross-sectional Analysis of Covariance
The six remaining methods achieve a progressively more refined estimate of the group

effects, mainly by analysis of the correlation structure within the data set. Cross-sectional
analysis of covariance, illustrated in Figure 5-2, is similar in form to cross-sectional analysis
of variance, adding one or more terms that adjust the estimate for interaction of covariates.
Figure 5-2 is the same as Figure 5-1, but the arrows suggest that child's blood lead used in
the analyses is adjusted for soil lead and dust lead concentrations. The hypothesis used here
is that there is a more or less strong relationship between dust lead and blood lead, and
between soil lead and blood, as two separate media to which the child may be exposed.
Additional adjustments may be made for other household-specific covariates such as
socioeconomic status (SES) or race, or for child-specific covariates such as age, gender, or
mouthing behavior. Adjustments for these covariates allows a better understanding of the
possible processes or mechanisms of abatement, including separation of group mean
differences into those components that related to changes or differences in soil lead and dust
lead, and other effects that are not attributable to abatement changes in soil lead or dust lead.
However, the analysis of covariance (called ANCOVA) in this formulation does not use the
changes in covariate values before and after abatement. Some models in the Baltimore report
used this approach. Similar models in the Cincinnati report used differences in blood lead or
hand lead vt changes in environmental lead. This method makes adjustments for
between-group effects and environmental covariance, but still doesn't estimate the
before/after effect of intervention.

In this case, a term XJ3,, is added to Equation 5-1 to account for the covariates, and
each round is again analyzed separately:
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Before After

Figure 5-2. Analysis of covariance. Arrows show that the individual child blood lead
concentrations are adjusted for soil lead and dust lead concentrations or
loadings in the child's residence, and may also be adjusted for other
household-specific or child-specific covariates such as age or gender.
However, blood lead is compared across treatment groups at each round
with no analyses of effects between rounds.

(5-5)

Xj, is the covariate value for child i at round r
Bj, is the covariate effect for group g at round r

5-5 has taken on a linear form and, with multiple covariates, could be theNote that
basis for mnirfrlr linear regression analysis. The effect of treatment group after covariate
adjustment would still be calculated as equation 5-4, but also has a component that is related
to the covariate difference, which may be different in each group,

A(XB) * XtBlr - (5-6)
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where Xt is a typical covariate value for Group 1 and X2 a typical value for Group 2.
Like analysis of variance, this method can deal with multiple groups or treatments. Although
it also ignores the correlation structure among the variables, the method can be used to adjust
for covariates, and these covariates may be either numerical or categorical. A limitation of
analysis of covariance is that covariates are assumed to be known without measurement
error, and this becomes a problem when the analysis is of two environmental variables, each
with its own undetermined measurement error. Neither cross-sectional analysis of variance
nor cross-sectional analysis of covariance was used in this report or in the individual city
reports.

5.1.2.3 Cross-sectional Structural Equation Models
Cross-sectional structural equation modeling (Figure 5-3) has the advantage of modeling

the relationships between several environmental pathways simultaneously, such as soil to
dust, dust to blood, soil to blood. In this simple form, the method provides no longitudinal
information, and therefore cannot fully treat such time dependent variables as blood lead
when the main contributor to blood lead at time t is the blood lead at time M (see
Figure 2-4). Figure 5-3 is essentially the same as Figure 5-2, with arrows showing the
relationship of soil lead and house dust lead to blood lead. There is an additional arrow
showing a relationship between house dust lead and soil lead. This allows assessment of the
hypothesis that house dust lead has a component attributable to soil lead, and possibly other
components that are not attributable to soil lead (such as lead-based paint or secondary
occupational exposure). It then becomes possible to assess the total relationship of soil to
blood lead, including the indirect soil-to-dust-to-blood pathway. While separate regression
analyses of blood lead vs soil lead and dust lead, and dust lead versus soil lead can be
carried out, combining these equations without consideration of the simultaneous estimation
of the equations using the same data involves a potential "simultaneous equation" bias.
Therefore, simultaneous modeling of blood lead and dust lead was carried out in the
Cincinnati report for each round. Some cross-sectional structural equation model analyses
were performed in this report using Round 1 or preabatement data to assesss the extent to
which soil might have been a significant source of dust lead and blood lead before abatement.
Structural equation models using differences of blood lead and environmental lead allow
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Group A
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Figure 5-3. Cross-sectional structural equations model. Arrows show that the
individual child blood lead concentrations are adjusted for soil lead and
dust lead concentrations or loadings in the child's residence, and may also
be adjusted for other household-specific or child-specific covariates such as
age or gender. There are also arrows showing that house dust lead is
related to soil lead, so that the total soil effect consists of a direct exposure
pathway and an indirect soil-to-dust-to-blood pathway. However, blood
lead is compared across treatment groups at each round with no analyses of
effects between rounds.

some longitudinal structure, but these analyses typically do not include assessment of changes
in blood lead and its environmental covariates.

With cross-sectional structural equation modeling, the response variable Y^ depends on
covariates Z^. and X^, expanding Equation 5-5 to the form

+ «_ (5-7)

where X^ is related to Z^, or other covariates represented as Wjr, in the following manner:

* * (5'8)
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Cfr is the covariate group effect for group g and round r
Zj, is the second covariate. interacting with Xir and also directly affecting Y,,
W^ is the third covariate interacting with Xir but not directly affecting Y,r
Dgr is the regression coefficient for Zir, and
dtr is the measurement error term for covariate X( at round r

Note that Zir has both a direct and indirect effect on Y(>. The direct effect is as a component
of the expression Z/rF& in Equation 5-7, and the indirect effect is as a component of X,, in
Equation 5-7, as shown in Equation 5-8. With this method, Equations 5-7 and 5-8 would be
solved simultaneously in an iterative manner to estimate the value of the regression
coefficient that provides the best fit for the combined system of equations. In performing
these calculations, we used several structural equation model calculation algorithms to obtain

•

the best fit. These algorithms are discussed in Section 5.6.
The output of the cross-sectional structural equation model provides several types of

treatment group response sizes:

Response to treatment group (base) Glr - G2r (5-9)

Difference between covariate intercepts Clr - C2r (5-10)

Difference in response to covariate X Blr - 82, (5-11)

Difference in direct response to covariate Z Flr - F2r (5-12)

There is also a measure of the total (direct and indirect) relationship of Z to Y, expressed
as

Fgr + BgrDgr (5-13)

and a differeace in total relationship of Z to Y, expressed as

- (F2r + BjAr) (5-14)

The output from this model is an estimate of the transfer from one compartment to
another (e.g., for soil to dust, 0.2 pg Pb in dust per ng Pb in soil). Structural equation
models are normally visualized as boxes and arrows, with the boxes representing
environmental components, such as house dust, and the arrows representing transfer between

5-13



boxes. This method establishes that specific pathways exist in the child's exposure
environment.

Cross-sectional structural equation models were used in the Cincinnati report and in this
assessment to examine the pre-abatement environmental lead exposure pathways. While the
population samples of the three studies were chosen for use in a longitudinal intervention
study, and not for the purpose of assessing baseline exposure in the communities, the
baseline data nonetheless represent a useful snapshot of children in certain neighborhoods in
Baltimore, Boston, and Cincinnati. The limitations of this approach are that the study
populations may not have been a fully representative sample of the true neighborhood
populations, especially in Boston and Baltimore. The impact of these limitations is discussed
in greater detail in Section 5.4.

f

5.1.2.4 Longitudinal Analysis of Covariance
The next four methods are longitudinal analyses and, as such, are more appropriate for

these studies. These analyses evaluate changes in childhood blood lead and in environmental
lead exposure pathways subsequent to (and by inference, as a result of) soil lead or dust lead
interventions. Among the possibilities considered are: (1) blood lead decreases as a result of
a direct change in environmental exposure to soil; (2) blood lead decreases as a result of both
a decrease in soil lead and a decrease in dust lead, where the decrease in dust lead load may
be by dust intervention or by the impact of soil intervention on dust lead load; (3) blood lead
decreases as a result of changes in dust ingestion as a result of other interventions, such as a
decrease in dust loading (cleaner house means less dust ingested) or changes in the child's
behavior (parental education) that decrease dust ingestion; and (4) blood lead changes as a
result of factors unrelated to intervention, including growth and normal changes in child
behavior.

LongttBdinal analysis of covariance (Figure 5-4) is similar to cross-sectional analysis of
covariance in mat it has fixed treatment groups with continuous or categorical covariates, but
the response variable is also adjusted for the blood lead concentration from the previous
round (Y ir,l). Figure 5-4 is similar to Figure 5-2, but with an additional arrow to show that
blood lead is now controlled or adjusted for the preabatement blood lead concentration in the
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difference between treatment groups in the response variable, but explicitly includes
pretreatment levels of response. Similar to cross-sectional analysis of covariance, however,
this method also assumes the pretreatment level of response is perfectly known and that the
covariates are known without measurement error (see Section 5.1).

The units of the response term are expressed as a ratio of the response to the covanate.
For example, the Boston group used this method to estimate a range of response to
intervention as being a decrease of 0.7 to 1.2 ngfdL for each incremental decrease of
1000 /ig/g Pb in soil during the first phase of their study, and a somewhat larger decrease
during the second phase.

5.1.2.5 Repeated Measures Analysis of Variance
Two of the remaining methods are repeated measures analyses, and one is a structural

equation modeling method. Repeated measures analyses evaluate whether intervention
affected the child's blood lead, whereas structural equation models assess whether this
change can be attributed to the soil-dust-blood pathway. The two approaches are
complementary, especially for a longitudinal intervention study.

Repeated measures analysis of variance contains a group effect term (G^), a household
effect term (tih<g)), and an individual child effect term (1,-̂ )), in addition to the error term.

5.1.2.6 Repeated Measures Analysis of Covariance
Similarly, repeated measures analysis of covariance adds the covanate term X,y Bgi that

first appeared in Equation 5-5.
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Figure 5-5. Repeated measures analysis of variance. The arrow from one child figure
to the next shows that blood lead at the postabatement round is adjusted
for preabatement blood lead for each individual child. Blood lead is
compared across treatment groups across different rounds for children in
the study at each round.

transport of lead from soil. The LSEM methods in this report are used in order to evaluate
some of the possible mechanisms by which soil abatement may operate, which was not
required in the individual study reports. The LSEM analyses carried out here also allowed
evaluation of the sensitivity of the repeated measures ANOVA and ANCOVA analyses to an
alternative modelling approach.

5.1.2.7 Longitudinal Structural Equation Models
T oaf/UixliiMl structural equation model equations (Figure 5-7) are similar to the cross-

sectional form for structural equation models, with the addition of terms for the influence of
previous rounds, expressed with subscript r-1:

* Y «• « (5-18)
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Figure 5-7. Longitudinal structural equation model. The arrow from one child figure
to the next shows that blood lead at the postabatement round is adjusted
for preabatement blood lead for each individual child. Blood lead and dust
lead are adjusted for corariates simultaneously at each round to eliminate
simultaneous equation bias. Postabatement blood lead is adjusted for
preabatement blood lead.

5.1.3 Specific Problems with Statistical Methods
A potential problem arises in simple comparisons of group mean values during a

longitudinal study when different individuals are present at different phases of die study. For
example, some individuals in the preabatement phase of the study may have dropped out by
the time of the postabatement phase, whereas other individuals who were not in the
preabatemeat phase may have been recruited into the postabatement phase (e.g., infant
siblings who reached enrollment age status during the study). Although it would be

to mink that attrition and recruitment do not depend on the treatment group, and
that children lost or gained during the progress of the study are no different from those
enrolled throughout the study, this cannot be guaranteed. One of the simplest solutions is to
limit the analyses to children who were present during all key phases of the study.
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preabatement - postabatemcnt blood lead < fraction of preabatement blood lead.

This suggests that a better index for abatement effectiveness might be a partial difference:

postabatement - (1 - fraction) preabatement blood lead > 0.

Unfortunately, the value of this fraction is not known well enough to define a priori the
partial difference for use as an index of lead effectiveness, because the value of the retained
fraction of lead depends on the time since abatement, the child's age, and probably other
factors including the initial blood lead level.

Even though statistical models could be based on the partial differences of blood lead
levels between pre- and postabatement phases, the environmental exposure variables are
themselves more or less correlated with earlier measurements of the exposure variables.
This violates one of the most important assumptions about linear regression models, and
generally about linear models such as the analysis of variance and the analysis of covariance.
That assumption is that the predictor variables or regressors are known without statistical
error. Although the statistical error is usually called "measurement error" (Fuller, 1987), the
errors include many other kinds of variability. In environmental epidemiology, the most
common measurement errors in exposure include behavior or activity pattern variability,
repeat sampling variability, sampling location variability, as well as analytical error. That is,
the observed value of the predictor, such as floor dust lead loading, may not perfectly reflect
the activity of the child and the child's actual exposure to dust lead over time.

One way to deal with this is to predict the precursor exposure variables in an
environmental model. For example, suppose that blood lead is predicted by hand lead, soil
lead, dust lead, and by a preceding value of the blood lead. Hand lead may then be
predicted by current dust and soil lead levels, and dust lead by current soil lead, so that in
addition to the direct effect of soil lead on blood lead, there are indirect effects from soil to
dust to hand to blood, and from soil to hand to blood. This approach allows estimation of
the measurement error variance in the precursor lead exposure variables in terms of residual
deviations between the observed exposure variable and its best estimate from its own
precursors. If the model is correct, this approach will essentially eliminate the bias
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and blood lead independently. In the second form, blood lead data alone are plotted by
round and age for each individual child. This method gives some perception of individual
differences in blood lead concentrations and individual differences in response to
intervention. Each of these two visual presentations has limitations that should discourage
the reader from drawing conclusions about the impact of intervention. These limitations are
the same whether blood leads are characterized by the group mean, geometric mean, median
or other percentile values. The first is that some of the children in any treatment group are
probably not exactly the same children at one phase of the study as at a subsequent phase.
Some children will almost certainly be lost to follow-up by moving or by refusal to
participate (normal processes of attrition in longitudinal studies), whereas other children may
be added by recruitment (such as at Round 3 in the Baltimore study) or as additional
members of households where Other children are already enrolled in the study. Since
children who are lost to follow-up or who are added to the study may differ in some
systematic ways from children who were retained throughout the study, it may be prudent to
analyze data from these children who were not present separately from those who were
present at all relevant phases. On the other hand, if study results are restricted only to
children who were present at certain specific pre- or postabatement phases of the study, then
repeated measurements on the same child at different phases of the study are not statistically
independent of each other. Although data from one treatment group at a given phase are
independent of data from a different group, data on the same group at a different phase are ~
not independent of data from an earlier phase.

In the Boston study analyses, the same subset of children was used here as in the
Boston report, excluding the same two children who had become lead-poisoned. For the
Baltimore data, the small group of participants from the treatment group whose properties
were not abated were assigned to a separate control group, rather than merging them with the
main control group. The Cincinnati neighborhoods are treated here as individual study
groups and include all children recruited (both rehab and nonrehab), except for the four
children who were undergoing treatment for lead poisoning.

The presentation of these group mean data, illustrated in Figure 5-9, uses a similar
format for all of the figures in this series. Each treatment group is represented in each round
by a box and whisker plot. Each box has a mark approximately midway that shows the
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and 5-12. These data represent the percentile calculated from the individual parcel means of
several individual soil samples. They show, for all three studies, a substantial reduction in
the amount of lead in abated soil areas. In Boston and Cincinnati, where follow-up soil
measurements were taken, this reduction persisted for the duration of the study. In
Baltimore, the postabatement measurements were made only in the locations where soil had
been excavated and removed.

Each study was able to achieve the targeted concentration for abated soil. The median
soil concentrations following abatement are not substantially higher than the specifications for
clean soil. The amount of soil lead reduction actually achieved directly influences the
expected changes in dust lead and blood lead. Soil lead concentrations vary widely over
relatively small distances. Because it was not feasible to return to the exact spot each time
for sequential soil samples, two sequential samples from the same plot may vary widely.

The median of the soil parcel means for the Boston and Cincinnati studies show that
abated soil concentrations [BOS SPI, CIN SEI(P), CIN I-SE(D), and CIN I-SE(F)] dropped
substantially after abatement (Figures 5-10 and 5-11) whereas unabated soil (BOS PI, BOS P,
and CIN NT) showed virtually no change.

5.2.2 Changes in Exterior Dust Concentrations and Loadings
In Cincinnati, exterior street and sidewalk dust concentrations remained relatively

constant throughout the study (Figures 5-13 and 5-14) and are much higher than the soil
concentrations, suggesting a source or sources with higher lead concentrations than soil that
mix with leaded dust from soil to form exterior dust. A possible conclusion is that sources
of lead in exterior dust, other than soil, impacted each neighborhood or groups of
neighborhoods, differently. This is reasonable because the neighborhoods are geographically
separated. Five of the neighborhoods (Back, Dandridge, Findlay, Mohawk, and Pendleton)
are nearly contiguous and lie in a larger neighborhood known locally as "Over-the-Rhine".
The sixth neighborhood, Glencoe, lies approximately 14 mile away. Interpretation of the
spatial distribution of the Cincinnati data within each neighborhood is not possible without
more information on the location of the dust samples.

For Boston and Baltimore, the question arises that there may also be external sources of
lead other than soil that contribute to household dust and to the exposure of children during
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5.2.3 Changes in Interior Dust Concentrations and Loadings
Interior dust is measured in both concentration and surface loading. Concentration is

measured in micrograms of lead per gram of dust, whereas loading is measured in milligrams
of lead per square meter. When dust abatement is performed, the amount of dust changes,
but the concentration of lead in the dust does not. Therefore, there should be no change in

dust lead concentration unless the source of the dust changes. Where soil abatement has
been performed in connection with dust abatement, the dust lead concentration should also
decrease abruptly if the soil is the major component of the dust. If there is a mixture of dust
sources and only one has been abated, the lead concentration would change less abruptly,
according to the contribution from each source.

The data for the Boston study interior dust measurements are shown in Figures 5-15
through 5-20. The high concentrations of lead in individual measurements of window well
dust (5.000 to 22,000 /ig/g) indicate the possible presence of lead-based paint (Figure 5-15).

The Cincinnati study (Figures 5-21 through 5-23) found relatively constant dust lead
concentrations during the first year (Rounds 1-4). Data are not available for Rounds 5-7.
Data for window wells are shown in Figures 5-24 through 5-26 and entry ways. Figures 5-27
through 5-29. The window well concentrations were lower in Cincinnati (1,000 to
2,300 Mg/g) than in Boston, suggesting a minimum influence of lead-based paint.

X.

5.2.4 Changes in Hand Dust Lead Loadings
Because hand-to-mouth activity is one route by which lead may be ingested, the amount

of lead on the child's hand is an indicator of exposure. The hand wipe data for Boston are in
Figure 5-30, for Baltimore, in Figure 5-31, and for Cincinnati, in Figure 5-32. Only lead
loading information is available because there is no measure of the amount of dust removed.
The units of measurement are micrograms per pair of hands rather than micrograms per
square meter. This is an important link in the exposure pathway that measures actual contact
with the child's dust environment. Hand lead loadings were expected to respond more
quickly to environmental changes than blood lead concentrations.
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Figure 5-24. Cincinnati window dust lead concentration (log scale). The small response in lead concentration to soil
and/or dust abatement appears to be consistent with the observations of the floor dust in Figure 5-21.
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5.2.5 Changes in Blood Lead Concentrations
5.2.5.1 BattBnore Study Blood Lead Data

The blood lead concentrations for the three Baltimore groups are shown in Figure 5-33
The data are for all children panicipating in the round. They show that the groups were
similar prior to soil abatement, but no clear difference between groups in response to
intervention. There is a moderate indication of a seasonal cycle comparable to patterns
reported in other longitudinal studies, as discussed in Section 2.3.1. The lack of
postabatement measurements of soil and house dust limits the ability to interpret these data
by more than a simple analysis of variance.

5.2.5.2 Boston Study Blood Lead Data
The blood lead concentrations for the Boston study are shown in Figure 5-34, where

they graphically illustrate the conclusions of the Boston report, that intervention probably
accounted for a decrease of 0.8 to 1.5 pg/dL in the blood lead.

5.2.5.3 Cincinnati Study Blood Lead Data
The wealth of information from the more detailed measurements of household dust in

the Cincinnati study presents a proportionally greater challenge to the modeling of dust
exposure pathways. The blood lead concentrations shown in Figure 5-35 show some
evidence for seasonal cycles.

5.3 PRE- AND POSTABATEMENT DIFFERENCES IN INDIVIDUALS
5.3.1 Individual Changes in Blood Lead and Soil Lead

Sectioa 5.2 provides a visual presentation of longitudinal patterns in population means
for specific parameters over the course of the study. This section presents information on an
individual child basis through the use of a series of simple line plots where the blood lead
concentrations are plotted by round, age, and study group.

Most children in each neighborhood experienced some change in blood lead, either an
increase or decrease, during die course of die study. This change may be due in part to
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changes brought about by intervention, or to seasonal effects, age (see Figure 2-6), or
changes in exposure not related to intervention.

This type of plot is especially helpful to the reader in understanding the variability of
the measurements and the possible significance of patterns or clusters. They are designed to
show changes in only one variable over time, not the multiple interactions of several
variables. In Sections 5.4, 5.5, and 5.6 statistical techniques such as repeated measures
analysis and structural equation modeling are used to extract information from the systematic
variability using more appropriate methods for comparison than observed on these plots but
in the context of several variables interacting at the same time.

Figure 5-36 shows the Boston Phase 1 blood lead observations for each individual child
in the three treatment groups broken out by age at the start of the study. Typical patterns

•

show a decrease in blood lead from Round 1 to Round 2 in all groups, including controls,
probably attributable in pan to seasonal winter decrease. However, in the control group
(BOS P-S), there was also a substantial rebound or increase in blood lead at most ages from
Round 2 to Round 3, probably attributable to seasonal summer increases. Decreases
followed by large increases are noted for most children in the control group BOS P-S, and to
a quantitatively greater extent for most children in the Phase 1 dust abatement group
BOS PI-S. The Phase 1 soil abatement group BOS SPI shows large decreases between
Round 1 and Round 2, similar to the dust abatement group BOS PI-S, but unlike the other
groups, many children in BOS SPI snow either continuing blood lead decreases between
Round 2 and Round 3, or at most very slight summer increases. Five exceptionally large
changes are noted. Two children in BOS SPI suffered clear lead poisoning at Round 3, with
blood lead increasing to 43 and 35 pg/dL respectively, due to accidental exposure during
household renovttion. One child in BOS SPI (Round 1 age 18 to 29 months) showed a
rather large MM* lead increase between Round 2 and Round 3. One child in BOS PI-S
(age 18-29 •nrihs) showed a large and consistent decrease in blood lead from Round 1 to
Round 2 to Round 3, possibly reflecting the effectiveness of interior dust abatement and paint
stabilization. One child in P-S (age 42+ months)with blood lead 22 pg/dL also showed a
large decrease in blood lead from Round 1 to Round 2 to Round 3, possibly reflecting the
rote of interior lead paint stabilization as an intervention. We omitted the two children who
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Figure 5-3*. Line plots of Mood lead for indMdnal children hi Phase 1 (rounds 1-3) of
the Boston study for each treatment group. Where an individual value
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were lead-poisoned by an identified source from subsequent analyses, but retained all other
cases.

Figure 5-37 shows the results of Phase 2 of the Boston study. Rounds 3 to 4. The
group BOS PI-S that received dust abatement in Phase 1 and soil abatement in Phase 2
showed a substantial decrease in blood lead for most children; only two children at ages
18 to 29 months showed small increases from Round 3 to Round 4, and one child at age
42 4- months showed a relatively large increase. By contrast, 10 children in the group
BOS P-S that received only Phase 2 soil abatement showed increases in blood lead during
Phase 2. with 2 or 3 increases substantial. By contrast, half of the children in the Phase 2
-control" group BOS SPI, which received Phase 1 soil abatement, showed blood lead
increases, 8 of which were substantial increases.

Figure 5-38 shows the Phase 1 results for the Cincinnati study. The three
neighborhoods on the left side, CIN I-SE(B) (Back St.). CIN I-SE(D) (Dandridge). and
GIN I-SE(F) (Findlay), received interior dust abatement. CIN NT(G) (Glencoe) and
CIN NT(M) (Mohawk) received no treatment. CIN SE1(P) (Pendleton), on the right side,
received neighborhood soil and street dust abatement as well as interior dust abatement.
Many children showed the typical seasonal pattern of higher blood lead in summer (Rounds 1
and 4) and lower in fall or winter (Round 3). Several children in Mohawk (a no-treatment
neighborhood) showed large increases, which was much less common in Glencoe, die other
no-treatment neighborhood. The other neighborhoods had some children with increased
blood lead, and some with decreased blood lead. Many of the increases occurred in children
less than 18 months of age, with decreases more evident in children of ages 42+ months.
There was not any external basis for omitting children from subsequent analyses.

Figure 5-39 shows die Phase 2 results for Cincinnati. There is even less pattern for
Phase 2 thta far Phase 1, as was subsequently verified by detailed analyses.

Figun 3-40 shows the results for the Baltimore study. Soil abatement was carried out
in group BAL SP a few months after Round 3. While there were substantial decreases in
blood lead in some children in group BAL SP after Round 3, there were many who did not
show any decrease. Two children in BAL SP (ages 18-29 and 54-65 months) snowed very
large increases between Rounds 3 and 4, and one child age 30-41 months showed a large
increase between Round 4 and Round 5. A number of children in the Area 2 control group
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Figure 5-37. Line plots of blood lead for individual children in Phase 2 (Rounds 3
and 4) of the Boston study for each treatment group.
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Figure 5-38. Line plots of blood lead for indirtdual children in Phase 1 (Rounds 1-4) of
Cincinnati for each treatment group and four age groups.

(BAL PI) showed large increases, particularly between Round 4 and Round 6, but many also
showed large decreases in blood lead after Round 3, particularly at ages 18-29, 54-65, and
66+ months. The Area 1 control group BAL P2 showed no dramatic changes in blood lead.
Note that the Baltimore cohort was typically much older at Round 3, die last pre-abatement
round. Whjto Acre were a few children less than 18 months in the study, they were mostly
in group BAL 3P and are not shown in Figure 5-40. No children were omitted from
subsequent analyses based on external evidence.
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Figure 5-39. Line plots of blood lead for individual children in Phase 2 (Rounds 4-7) of
Cincinnati for each treatment group and four age groups.

5.4 COMPARISON BY CROSS-SECTIONAL STRUCTURAL
EQUATION MODELS

The cross-sectional structural equation model (XSEM) is a useful tool for answering the
question of whether a source of lead such as soil is a major component of environmental lead
expoiun fbr the children. Lead in household dust, particularly floor dust, is often the
mostoapomnt source of lead exposure for children, but house dust is uot generally regarded
as a primary source because the lead in house dust is usually derived from other sources.
The sources of lead in house dust include lead in soil that is tracked into the bouse, lead
from deteriorating lead-based paint, lead dust from occupational exposure that is carried into
the house on shoes and clothing, lead particles deposited from the air (including resuspended
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Figure 5-40. Line plots of Mood tad for indr?tdual children in Baltimore for each
treatment group and fire age groups.
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surface soil particles), and from household activities such as lead hobbies or home
occupations. Soil lead may therefore contribute to blood lead as both a direct exposure
source during outdoor activity, and indirectly as a source of lead in household dust.

5.4.1 General Issues in Structural Equation Modeling
The general conceptual model shown in Figure 5-41, based on Figure 2-3, is the basis

for the structural equation models fitted in this chapter. None of the three studies measured
airborne lead concentrations, which generally provide only small additions to child lead
exposure beyond the soil lead and dust lead panicles historically deposited from leaded
gasoline, industrial emissions, and other sources of airborne particles. Fugitive emissions
from deleading or demolition of older structures or from soil excavation may have occurred,
but were not systematically observed.

Atmospheric
Particles

(
Secondary^
Occupational

Dust }

Hand
Oust Food

Child

Figure 5-41. Typical pathways of childhood exposure to lead in dust showing both the
complexity of the routes of exposure and the mobility of do* lead along
these routes.
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The general graphic representation for both cross-sectional and longitudinal structural
equation models is shown in Figure 5-42. The variables in the system can be classified as
independent variables or dependent variables. Independent variables are not predicted by
any other variables in the system, and may vary by neighborhood, treatment group,
household, residence, or child. They are shown by oval figures with no arrows going into
them, and are also known as predictor variables or exogenous variables. Dependent
variables are shown as rectangular figures with at least one arrow going into them, and are
also known as response variables or endogenous variables. Dependent variables require
input from at least one other component of the system, either from independent variables or
other dependent variables. The arrow shows the direction of the relationship, with the
dependent variable being predicted by a multiple linear or nonlinear regression model using
the variables at the initial pan of the arrow. Parameters whose estimates are shown in the
tables of this chapter are either regression coefficients in the equations, or intercept terms in
the equations from Section 5.1.2.

Figure 5-42. Explanation of the terms and features of the structural equation model.
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Figure 5-43 shows an expanded version of Figure 5-41, with greater emphasis on the
variables used for structural equation modeling. Exterior and interior lead paint dust was not
measured, but data are available on lead paint loadings on walls or trim. However, any
relationship between lead paint and house dust was compromised in all of die studies, either
by interior paint stabilization in Boston, by exterior paint stabilization in Baltimore, or by
restricting the study to fully rehabilitated houses primarily in Cincinnati. Window dust lead
proved to be a significant predictor of floor dust lead that was distinguishable from lead in
soil in Boston and Cincinnati, but somewhat less predictive of blood lead, and so occupies a
position similar to soil in the pathway scheme. Floor dust lead was strongly correlated with
post-abatement blood lead and is shown as a more proximate predictor of blood lead in the v

pathway models.

Atmospheric
Partdes

C
Secondary )
Xxxipaflonall

Figure 5-43. Dost lead exposure pathway diagram, similar to Figure 5-41, showing the
assumed relationships for interior floor and window dust that were
modeled by cross-sectional SEM. Shaded compartments were not included
in the XSEM analyses.
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The main focus of the structural equation analyses is to evaluate the predictive role of
environmental lead measurements in dust and soil, rather than child-specifk measurements in
which die child is used as a sentinel of changes in exposure. Therefore, we used a further
simplification of Figure 5-43 to develop the final structural equation model shown in
Figure 5-44 that was used as basis for die analyses reported for Boston and Cincinnati. Soil
lead and window dust lead were used as independent predictors of both floor dust lead and
blood lead. Window dust lead was used to characterize non-soil exterior exposures and
interior exposures not characterized by floor dust lead. Hand dust lead was omitted as a
predictor of blood lead, replaced by the floor dust lead, window dust lead, and soil lead as
direct predictors.

Window
Dust Lead
(Cone, or

Load]

Soil Lead
Concentration.

Blood Lead
Concentration

Floor Dust
Lead

YConc. or Load)

Figure 5-44. Adaptation of the soO and dust pathway diagram (Figure 5-43) that
illustrates the general scheme for the cross-sectional structural equation
models, using the notation of Figure 5-42.
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More complex models involving additional dependent or independent variables or
pathways would greatly increase the complexity of the analyses, especially when the cross-
sectional models are linked longitudinally so as to assess effects over time. The simple
models presented here already include a large number of parameters that need to be
estimated from the data. With increasing complexity, the iterative estimation procedures
used to fit the structual equations fail to converge to a unique optimal solution for the
parameter estimates, and such complexity should be added only if there is a compelling
substantive scientific basis for doing so. In most applications, adding additional parameters
and interaction terms for age effects and gender differences was less informative than simply
stratifying the data by age or gender.

We evaluated a number of two-equation models in which the first equation represented
blood lead concentrations in children derived from environmental pathways and media
including soil and floor dust, and the second equation represented floor dust lead
concentration or lead loading derived from lead in exterior media, including soil lead and
lead on window sills or in window wells.

Blood lead concentrations are related to lead in soil and to lead loading or concentration
in house dust at or shortly before blood leads are measured, as well as to prior or historic
lead exposures that have accumulated a (primarily skeletal) body burden of lead that
contributes to current blood lead concentrations. The child's age as well as many other
individual behavioral or demographic factors may also affect exposure. Although it is not
necessary to dwell on the concept that there is a "causal" implication for any proposed
predictive relationship, it should be noted that in a longitudinal lead study, some of the lead
in the child's body (even in blood and soft tissues) will be circulating in blood at a later
measurement Thus, estimates of blood lead concentrations in earlier samples are expected
to be pndbtive of measurements from later samples, which are estimates of the same
quantity, m pan. The models do not depend on causal interpretations, however, but do
assume a temporal direction in which the dependent variables depend on values of other
variables measured at the same time, or measured previously, but not on values measured in
the future.

Structural Equation Modeling is a computational approach that allows estimation of sets
of inter-related linear or nonlinear models (Buncher et al., 1991). This has been widely used
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for cross-sectional environmental pathway modeling (Bornschein et al., 1985, 1988, 1990;
Marcus, 1991, 1992). Applications to longitudinal lead studies have recently been developed
(Marcus, 1991; Menton et al., 1994; Marcus and Elias, 1994). The PROC MODEL
program in the SAS ETS computer package (SAS, 1992) allows estimation of either linear or
nonlinear models. This procedure is believed to produce less biased estimates of regression
coefficients than other estimation procedures that do not include fitting simultaneous
equations for blood lead to predictor variables such as lead in paint, soil, or dust.

The most complete and technically correct evaluation of the present three studies
requires simultaneous assessment of changes in blood lead levels and changes in
environmental lead pathways following soil lead or dust lead abatement. The underlying
assumptions in the Structural Equation Model approach are that abatement effects can be
inferred from changes in environmental lead exposure variables. Because this is a cause-
effect relationship, it is sequence-dependent or time-dependent. That is, the abatement must
take place before the environmental changes will occur. The cross-sectional SEM models
use correlation structure in the data to infer causal pathway relationships. The longitudinal
SEM models also use correlation structure to infer causality, but the logical basis for
inference is much stronger because the interventions or abatements precede the changes in
blood lead and environmental lead. Changes in control groups during the same period of
time then provide a basis for estimating treatment effects. Any analysis of time-dependent
relationships should address the following assumptions:

(1) Both preabatement and postabatement blood lead levels reflect, in pan,
contemporary environmental lead exposures that can be characterized by
measurements of lead levels in soil, dust, paint, and other media;

(2) PoAabatement blood lead levels may also reflect, in part, preabatement blood
tad levels due to the contribution of preabatement body burdens of lead
(principally in the skeleton) from earlier exposures;

These models were fitted using indicator or "dummy" variables for different study or
treatment groups. Sometimes mete indicator variables were used as "switches", for example
when postabatement soil lead concentration is modeled as a fraction of preabatement soil lead
for soil nonabatement groups, but as a new replacement value for the soil abatement groups.
At other times, indicator variables were used when the data suggested that the effect of
abatement was to modify the regression coefficient for the predicted variable (for example,
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floor dust lead concentration) for a pathway. In that case, separate coefficients were fined to
the product of the treatment group indicator and the predictor variable (for example, entry
dust lead concentration) as well as separate intercept terms for each treatment group.

The purpose of structural equation modeling is to elucidate pathways for environmental
lead exposure from source to child. From this perspective, the development and testing of
pathway models for urban lead is an exploratory model-building activity that does not readily
lend itself to hypothesis testing. It is well known that "specification searches" such as step-
wise regression have complicated inferential properties (Learner, 1978), and the true P level
for an estimated regression coefficient may be quite different from the nominal P value.
An up-and-down search procedure was employed that started with a plausible pathway
diagram, and dropped nonsignificant blocks of parameters if all estimates of the same or
analogous parameters in different groups were zero or nonsignificant. New parameters were
added for each new pathway in the model, based on prior beliefs and on sample correlation
coefficients.

5.4.2 Boston Preabatement Cross-sectional Structural Equation Models
The model scheme for the Boston cross-sectional structural equation modeling is shown

in Figure 5-45. using the notation of Figure 5-44. The results for the twelve Boston models
with dust lead concentration are shown in Table 5-1, and an example of Model 1 with the
output parameters is shown in Figure 5-46. The cross-sectional structural equation model
coefficients in these four tables correspond to equations 5-7 and 5-8 of Section 5.1.2, which
are repeated here for convenience.

Gr

The blood lead models in Equation 5-7 have a single intercept term (denoted G) for each
round. The dust-to-blood regression coefficient (denoted B) is usually assumed to be the
same for all groups. The soil-to-blood lead regression coefficient (denoted F) is also shown.
The dust lead models follow the form of Equation 5-8, where the floor dust lead
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Figure 5-45. Pathway diagram of twelve different cross-sectional structural equation models for Round I of the Boston study.
Arrows show regression models for blood lead and floor dust lead concentrations. Oval figures show soil lead



TABLE 5-1. PREABATEMENT CROSS-SECTIONAL STRUCTURAL
EQUATION MODELS FOR BOSTON STUDY

SEM EQUATION
COEFFICIENTS

INTERCEPT1 Gv

S
L
0
P
E

Floor - Blood' jj

Soil - Blood2
 F r

Window - Blood2 p

INTERCEPT3 C£r

S
L
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P
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Soil - Floor4

Window - Floor3

V

Mode! 1
11.58s4

0.13

986s2

0.074

0.0657s4

FLOOR

Model 2
11.56s4

0.11

961s2

0.090

0.0652s4

DUST LEAD CONCENTRATION

Model 3
10.97s4
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 c
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 D
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Window -* Floor* _.
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Note: In this and all subsequent
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11.37s4

0.18
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0.0031s4

11.34s3

0.20

28.3SI

0.0024

0.0048s2

tables of this chapter, the

11.23s4

0.19

0.0073

28.9s1
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0.0046s3

Model 4
11.20s4

0.12

0.0182
1014s2

0.076

0.0647s4

Models
11.92s4

-0.36s2

0.0694*

993s2

0.081

0.0644s4

Model 6
10 83s4

0.32*

1347s3

0.331s1

LEAD LOADING
11.00s4

0.17

0.0191

11.7

0.0036

0.0031s4

following notation is used

10.96s4

2.74

0.19

28.9s1

0.0023

0.0046s3

11.13s4

0.27-

47.8s2

0.0147s'

to indicate statistical

P value < - 0.0001.
P value 0
P value 0

.0002 • 0.0019

.002 - 0.0099.
P value 0.01 - 0.0499.
one-tailed significance. P value 0.05 - 0.0999.

M - Matgnnlly significant, P value 0.1 • 0.1999.

'Units are pg/dL Pb in blood.
2Units are pg/dL Pb in blood per 1000 pg/g Pb in soil.
3Units are pg/g Pb in dust.
*Units are pg/g Pb in dust per pg/g in soil.
5Units are pg/g Pb in dust per pg/g in dust.
6Units are pg/dL Pb in blood per 1000 pg/m2 in dust Pb load.
7Units are pg/m2 Pb in dust per pg/g Pb in soil.
'Units are pg/m2 Pb in dust per pg/m2 Pb in dust.
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Window
Dust Lead
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Soil Lead V16 »g/dl
Concentration/per 1,OOOng/$

0.065 pg/g
per^g/g

Blood Lead
Concentration

10.97»g/dl

Roor Dust
Lead Cone.
1,008

0.
per 1,000 ng/g

Figure 5-46. Pathway diagram for Boston cross-sectional SEM Model 3, with results as
indicated from Table 5-1.

models have a single intercept term (denoted C) and a single soil-to-dust regression
coefficient (denoted D).

In general, any of several models gave an almost equally good fit to the preabatemem
blood lead and dust lead data. However, none of the blood models provided a significantly
better prediction than did the group mean. The most significant finding (P=0.12) was for
Model 6 in Table 5-1, with soil lead concentration as the only preabatement blood lead
predictor. However, this model also used soil lead as the predictor of dust lead
concentratio*, a*d provided a significantly worse prediction of dust lead than did any of the
models that used window lead as well as soil lead as predictor of floor dust lead. In fact,
preabatement soil lead was never a significant predictor of dust lead when window lead was
included in the model. This indicttef that, at the Boston preabatement stage, a substantial
amount of the lead in floor dust may have come from the window dust, perhaps as
lead-based paint, rather than die soil. Very similar results were found when floor dust lead
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loading was used as the dust index, as shown also in Table 5-1, and the analogous blood
lead-soil lead coefficient was even less significant (P = 0.18).

Because die Boston study excluded children whose blood lead concentration might be
too low (< 7 Mg/dL) to be accurately measured following an expected reduction of three or
more Mg/dL. or so high (>24 jzg/dL) that the child would require immediate medical
intervention, there was a concern that this truncation at both ends might have biased the
statistical analyses. To address this concern, the Boston data set was artificially truncated to
the interval 9-22 jig/dL, and a number of marginally significant relationships emerged.
Table 5-2 shows that the soil lead concentration by itself, or in combination with the floor
dust lead concentration or window dust lead lead concentration, provides a marginally
significant preabatement predictor of blood lead. The dust lead variables have positive
coefficients in models with soil lead, and are marginally significant predictors by themselves.
Due to the collineanry between floor dust lead and window dust lead, neither is significant
when used together in a model with soil lead, and while both were more significant when
used together in a model without soil lead, the floor dust coefficient was negative. Similar
results were obtained in the model for floor dust lead loading with blood lead truncation
shown in Table 5-2.

5.4.3 Cincinnati Cross-Sectional Structural Equations Model
The Cincinnati study collected dust lead measurements at a number of locations. One

of the goals of the Cincinnati cross-sectional structural equations modelling exercise was to
evaluate the ability of different dust lead indices to predict blood lead and, in turn, the
relationship of that dust lead index to soil lead. Four different dust lead locations were
considered, using both lead concentration and lead loading. The locations were: composite
interior floor, interior entry, and window sill. The models evaluated were very simple, with
soil '•H-'frtf lead-blood lead and soil lead-blood lead pathways. Results are shown in
Table 5-3.

The most useful models for predicting blood lead at Round 1 used floor dust or entry
dust lead concentration and loading, but none of the regression coefficients for blood lead
versus dust lead were statistically significant. In the model in which both floor dust and soil
lead concentration were used, the blood lead versus floor dust lead coefficient was small
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TABLE 5-2. PREABATEMENT CROSS-SECTIONAL STRUCTURAL EQUATION
MODELS FOR BOSTON STUDY; BLOOD LEAD TRUNCATED (9-22 Mg/dL)

FLOOR DUST LEAD CONCENTRATION
SEM EQUATION
COEFFICIENTS

INTERCEPT1

S
L
0
P
E

Floor - Blood2

SoU - Blood2

Window - Blood2

INTERCEPT3

S
L
0
P
E

SoU - Floor4

Window -• Floor3

Model 1
G£r 12.43s3

B

Fgr 0.268M

F«r

Cr 770s'

D|r 0.106

Lgr 0.0760s4

Model 2
11.51s4

o.:osM

0.305M

750s1

0.113

0.0750s4

Model 3
11.90s4

0.250*

0.0221M

755SI

0.111

0.0752s4

FLOOR DUST

INTERCEPT1

S
L
O
P
E

Floor - Blood6

SoU - Blood2

Window - Blood2

dust Pb cone
Window - Blood6

dust Pb load
INTERCEPT3

S
L
0
P
E

SoU - Dust7

Window -» floor7

dust Pb cone
Window - Floor1

dust PbbHd

Model 7
Gir 12.40s4

B.r

Fgr 0.264M

F,r

C,, 91.7

D,, 0.0043

Ly 0.0031s*

**

Model 8
12.46s4

0.250

30.7S1

0.0019

0.0025s2

Model 9
11.76s4

3.94

0.276"

30.7SI

0.0015

0.0046

Model 4
11.77s4

0.063

0.267

0.0151

753SI

0.112

0.0751s4

Model 5
12.99s4

-0.377s1

0.078811

821S1

0.089

0.0765s4

Model 6
12.34s4

0.328M

1544s-

0.335S1

LEAD LOADING
Model 10
11.83s4

0.251M

0.025M

9.2

0.0041

0.0031s4

Model 11
12.23s4

0.263M

0.083

30.7SI

0.0014

0.0046s2

Model 12
12.24s4

0.3581T

51.7s2

0.0139s1

'Units are *•£''* in blood.
2Uoiu an jafriL Pb in bkxxl per 1000 pg/g Pb in soU.
3 Units are jtg/g Pb in dnst.
'Units are M|/| Pb in dust per jig/| in soil.
'Units are ng/i Pb in dust per m/i in dust.
6Units are ng/dL Pb in Mood per 1000 m/a? in dust Pb load.
7Units are pg/m2 Pb in dust per /*g/g Pb in soil.
'Units are pg/m2 Pb in dust per Mg/m2 Pb in dust.
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TABLE 5-3. PREABATEMENT CROSS-SECTIONAL STRUCTURAL EQUATION
MODELS FOR CINCINNATI STUDY: DUST TYPE MODELS

DUST LEAD CONCENTRATION ALL AGESU

SEM EQUATION
COEFFICIENTS

INTERCEPT1

Slope: Dust -•
Slope: Soil •*
INTERCEPT3

Slope: Soil -*

Blood2

Blood2

Dust4

GI
B
F
cg
D

With No Soil - Blood Slope

Floor
7.41s4

4.65

160s4

0.330s3

Entry
7.02s4

5.35

182s4

0.317s3

Window
6.73s:

1. 11

908s4

124s2

DUST LEAD

INTERCEPT1

Slope: Dust -
Slope: Soil -
INTERCEPT3

Slope: Soil -•

INTERCEPT1

Slope: Dust —
Slope: Soil -
INTERCEPT3

Slope: Soil •»

INTERCEPT1

Blood6

Blood2

Dust7

Blood2

Blood2

Dust4

Slope: Dust - Blood6

Slope: Soil —
INTERCEPT3

Slope: Soil -•

Blood2

Dust7

G«
B
F

Cg

D

G«
B
F
C,
D

G,
B
F
C,
D

8.80s4

0.93

15.5 '
0.146s2

-1.02
38.60s2

211"
0.1751T

6.53s2

38.47

17.2
0.0871T

8.69s4

0.23

34.6
0.216s'

DUST LEAD
3.16
1965

1521T

0.267s1

DUST
12.55s4

-0.51s4

129.7
0.068

8.82s4

0.0087

14021T

0.458

Floor
8.47"

-0.02
1.72
160s4

0.331s3

With Soil -

Entry
2.52M

26.4s4

^.081T

185s4

0.310s3

- Blood Slope

Window
9.10

-0.224
2.54
908s4

1.24s2

Soil
8 47*

1.72S1

160s4

033"
LOADING ALL AGES

8.65s4

-0.25
2.18
15.0

0.149s2

CONCENTRATION for

1.58
6.00

867s3

0 8941T

8.43s4

-3.34s3

8.06s2

182s2

0.240s'

8.57s4

0.10
0.823
36.0

0.210s1

AGE 42 -t-
8.30s3

-2.79s4

7.54'T

1801T

0.195

8.45s4

-0.001
1.98

1321s4

0.654

MONTHS1

8.13s4

-0.335s4

9.13S1

885s2

0.8331T

854s4

1.58
15.0

0. 149s2

.2

6.95s4

6.28S1

182s3

0.223s1

LEAD LOAD for AGE 42 + MONTHS1 2

11.56s4

-0.0016s4

1703
-0.394

7.63s4

-0.347s4

8.63"
16.2

0.128IT

10.83M

-0.462**
2.15
111.6
0.099

7.69s3

-0.00167s4

9.04s'
1640

0.0073

6.89s4

6.58S1

18.9
0.11617

'Units are p|/4L Pb in blood.
2Uniu an f|ML Pb in blood per 1000
'Units an j&i Pb in dust.
4Units an aaft Pb in dust per ng/g in soil.
5Units an flf/f Pb in dust per pg/g in dust
'Units are pf/dL Pb in blood per 1000

Pb in sod.

in dust Pb load.
7Units are Mi/m2 Pb in dust per ngJg Pb in soil.
'Floor dust lead predicted from soil lead, only soil lead used to predict blood lead.
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(-0.02 pg/dL per 1000 ng/g) and the soil lead coefficient was large (1.72 Mg/dL), but not
statistically significant. When both entry dust lead and soil lead concentration were used as
predictors, the blood lead versus entry dust lead coefficient was large (26 4 jig/dL per
1000 /ig/g) and extremely significant (P = 0.0001), but the blood lead versus soil lead
concentration coefficient was also large and negative (-4.08 ^g/dL per 1000 ng-'g) and nearly
significant, suggesting a serious collinearity problem in which neither coefficient was
reliable. The relationship between floor dust lead concentration and soil concentration was
large, 0.33, and statistically highly significant, as was the regression coefficient between
entry dust lead concentration and soil lead, 0.31. The floor and entry dust lead loading
coefficients were only somewhat less significant.

Table 5-3 shows somewhat similar results when the data were restricted to a subset with
ages 42+ months. The best-fitting models for blood lead used entry dust lead concentration
or mat dust lead loading. The blood lead versus entry dust lead concentration regression
coefficient was large (19.65 ugldL per 1000 ng/g lead in entry dust) but was not statistically
significant, while the entry dust lead versus soil lead concentration coefficient of 0.267 was
large and statistically significant. Floor dust lead concentration produced a somewhat worse
fit to the blood lead data as measured by RMSE, but a statistically very significant regression
coefficient between blood lead and floor dust lead concentration, 38.6 Mg/dL per 1000 ^g/g
lead in floor dust.

The Round 1 blood lead and dust lead models evaluated here do not identify an
across-the-board best model using any dust lead index, although floor dust lead appears
adequate in most cases. Models using flood dust lead concentration and floor dust lead
loading are compared in Table 5-4. The best fining models are shown schematically in
Figure 5-47.

The baft fining model of all tested, in the right column of Table 5-3, uses only soil
lead to predict Mood lead for children aged 42 months and older. The regression coefficients
for blood toad versus soil lead are large and statistically significant, whether in simultaneous
fitting of blood lead and floor dust lead concentration (6.28 Mg/dL per 1000 /tg/g lead in soil)
or simultaneously fitting blood lead and floor dust lead loading (6.58 pg/dL per 1000 Mg/g
lead in soil). In the longitudinal models described below, we therefore used both floor dust
lead concentration and soil lead concentration as predictors of blood lead lead for Round 1.
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TABLE 5-4. PREABATEMENT CROSS-SECTIONAL STRUCTURAL EQUATION
MODELS FOR CINCINNATI STUDY: FLOOR DUST

FLOOR DUST LEAD CONCENTRATION 1.2

SEM EQUATION
COEFFICIENTS Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

INTERCEPT1 8 12s4 764s 7 55s4 8.02 s4 7.58s3 8.47s3 741s4 8.47"

S
I.
0
P
E

Floor - Blood2

Soil - Blood2

Window - Blood2

4.17S1

1.3

0.190s1

4.10s1

0.28

0.70

1.12

0.16

4.43

-0.01

4.65 -0.02

1.72 1.72

INTERCEPT3 G^ 999s2 994s2 99.9s2 999s2 99.5s3 160.3s3 160.4s4 1603s4

S
L
0
P
E

Soil -Floor4
 0.2264" 0.2272s3 0.2247s3 0.2260s3 0.2266s3

Window - Floor3
 Q ̂ ^53 0.0457S3

 0.0458» 00458s3 0.0457s3

0.3308s4 0.3303s4 0.3308s4

FLOOR DUST LEAD LOADING

Model 9 Model 10

'Units an fQML Pb in blood.
:Uoiu an 0aydL Pb in blood per 1000 pg/g Pb in soil.
3Uniu art jsf/f Pb in (hut.
4Units are 0f/g Pb in dim per pg/g in soil.
'Units are pg/g Pb in dust per Mg/g in dust.
*Units are Mf/dL Pb in blood per 1000 jtg/m2 in dust Pb load.
7Uoits are uglta1 Pb in dust per pg/g Pb in soil.
'Units are jig/m2 Pb in dust per pf/m2 Pb in dust.

Model 11 Model 12 Model 13

INTERCEPT1 Gir

S
L
0
P
E

Floor -* Blood6

SoU - Blood2

Window -• Blood6

INTERCEPT3 G,r

S
L
0
P
E

Soil - Dust7

Window - Floor*

8.40s4

1.26

0.003

-3.83

0.0898s2

0.00771s4

8.29s4

-1.60

2.56

0.0117

-398

0.0904s3

0.00772s4

8.54s4 8.80s4 8.65s4

0.93 -0.25

1.58 2.18

15.05 15.54 15.02

0.1486s2 0.1464s2 0.1491s2
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-t
Model11 Model 12 ModeH3

Figure 5-47. Pathway diagram of twelve different cross-sectional structural equation models for Round I of the Cincinnati
study. Arrows show regression models for blood lead and floor dust lead concentrations. Oval figures show
soil lead concentration and window dust lead concentration as independent variables. Regression coefficients are
shown in Table 5-3.



The Cincinnati cross-sectional structural equation models are shown in Table 5-4 The
floor dust lead model is extended by including window lead as a predictor of both floor dust
lead and Wood lead, analogous to the Boston models While the various models shown in
Table 5-4 provide only a slight additional improvement in Round 1 blood lead, they provide
a significant improvement in the prediction of Round I floor dust lead concentration. In
model 4 in which floor dust lead concentration, window dust lead concentration, and soil
lead concentration are all used as predictors, none of these variables is statistically
significant. In combinations using one or two of the variables, models 1. 2, 3. and 5 were
best. Model 1 shows a statistically significant relationship between window dust and blood
lead, whereas the soil lead coefficient was not statistically significant. In Models 2 and 3.
there were statistically significant relationships between blood lead and floor dust lead
concentration, 4.17 ̂ g/dL per 1000 /zg/g lead in floor dust in Model 2. The Model 2
regression coefficients between floor dust lead concentration and soil lead concentration,
0.227, and between floor dust lead concentration and window dust lead concentration,
0.0457, were highly significant. This was therefore the starting point for the longitudinal
models described in Section 5.6. Additional analyses were done using floor dust lead
loading, but the regression coefficients for floor dust lead concentration were generally more
stable and more significant. Note also that Models 7 and 8 are similar to Models 2 and 3
respectively, except that window dust lead is not used as a predictor of floor dust lead. The
floor dust lead regression coefficient in Model similar in magnitude to that in Model 2, but i^.
not statistically significant. The floor dust lead and soil dust lead regression coefficients in
Model 8 are quite different from those in Model 3, and are not statistically significant,
whereas the blood lead vs floor dust lead concentration regression coefficient in Model 3 is
statistically significant. This table demonstrates the importance of simultaneous fining of
pathway BOdel components. Models 9-13 used floor dust lead loading, which in general was
not as food a predictor of blood lead.

5.5 COMPARISON BY REPEATED MEASURES ANALYSIS
Several approaches are evaluated for analyzing the longitudinal data from the three

cities using "repeated measures" models. In many cases, the ability to identify differences
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among interventions was greatly improved by including covariates in the analyses For
example, child blood lead is known to change with age When age is included as a
covahate, some of the variation in blood lead differences before and after abatement can be
attributed to the age of the child when the abatement was carried out. Controlling for the
influence of age increases the ability to more accurately estimate the relationship between
blood lead and other variables, such as soil lead. Similarly, the effect of abatement may
depend on changes in proximate exposure variables such as house dust lead. The effects of
changes in house dust lead may be different at different ages, however, so that other
covanates that may be useful in the analyses include interactions between age, house dust
lead, and treatment group.

The use of baseline preabatement environmental or demographic measurements for
individual subjects as covanates allows one to proceed as if all groups had the same starting

_ »
values The use of differences in environmental measurements before and after abatement
allows one to proceed as if individuals responded similarly to similar changes in lead
exposure, which is a fundamental assumption in a remediation and intervention program.
In general, differences in environmental indices before and after abatement were found to be
no more predictive of blood lead changes than the absolute baseline or final values.

Repeated measures analyses can be earned out using standard statistical programs for
analyses of general linear models. The PROC MIXED program in the SAS statistical
package (SAS, 1992) was used for most of the analyses. Analyses of repeated measures
models with time-varying covanates can be conveniently carried out using these programs
Repeated measures models with more than two phases or time points may require specific
assumptions about time correlation structure in some programs, but no such assumptions are
needed here when comparing outcomes at only two time points, pre- and postabatement

5.5.1 taton Repeated Measures Analysis of Variance (ANOVA)
The Boston repeated measures ANOVA results for all 150 children (excluding the two

who became lead-poisoned) are shown in Tables 5-5 and 5-6. The repeated measures
ANOVA coefficients of Table 5-5 and following are taken from equation 5-16 of Section
5.1.2, also repeated here for convenience.
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TABLE 5-5. REPEATED MEASURES ANALYSIS OF VARIANCE FOR
BOSTON STUDY: EFFECT OF AGE ON REDUCTION IN BLOOD LEAD (E,)

BETWEEN ROUNDS 1 AND 3
Age Group1

Study Group
Abate

BOS SPI
BOS PI-S
BOS SPI

BOS SPI
BOS PI-S
BOS SPI

Control
BOS P-S
BOS P-S
BOS PI-S

BOS P-S
BOS P-S
BOS PI-S

All Ages 0-17 Months 18-41 Months 42+ Months
(N = 150> tN-19) (N = 100) (N = 31)

1.87s2

0.33
1.54S1

0.164s2

0.028
0.136s1

Response* ('.
0.69

-2.09
2.78

Log Response -
0.056

-0.177
0.233

Er)
2.51s2

1.17M

1.331T

'(£,)
0.201s2

0.077
0.12417

1.09
-0.75
1.84

0.146
0.007
0.140

'Age is age in months it time of Round I blood sample.
-Units are Mg-'dL Pb in blood.
3Un;ts are log Mg'dL Pb in blood.

TABLE 5-6. REPEATED MEASURES ANALYSIS OF VARIANCE FOR
BOSTON STUDY: EFFECT OF AGE ON REDUCTION IN BLOOD LEAD (E,)

BETWEEN ROUNDS 3 AND 4

Study
Abate

BOS P-S
BOS PI-S
BOS PI-S

BOS P-S
BOS Pl-S
BOS PI-S

Group
Control

BOS SPI
BOS SPI
BOS P-S

BOS SPI
BOS SPI
BOS P-S

All Ages
(N = 147)

1.77M

3.80s3

2.03IT

0.125
0.310s1

0.1 85M

Age Group1

0-17 Months 18-41 Months
(N = 18) (N=98)

Response2 (EJ
1.12 0.09
4.33 3.39s1

3.21 2.491T

Log Response3 (ET)
0.228 0.042
0.401 0.299IT

0.173 0.257M

42+ Months
(N = 31) -

3.71M

3.76M

0.05

0.359
0.278
0.081

'Age is age in months at time of Round 1 blood sample.
2Units are pg/dL Pb in blood.
3Units are log *ig/dL Pb in blood.
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Gr

Effect sizes can be calculated very similarly with the methods used in this report. The
simplest effect size calculation, comparing Group g to Group h across rounds 1 and r. is the
difference

(5-20)

This is used in repeated measures ANOVA, and to calculate the intercept effect in RM
ANCOVA.

All tables show the estimated effect of soil abatement or dust abatement groups versus
reference groups. Table 5-5 shows the mean reduction in blood lead during Phase 1 of the
Boston study, Round 1 to Round 3. The soil abatement group BOS SPI shows a highly
significant (P = 0.0042) decrease in blood lead of 1.87 /zg/dL relative to the control group
BOS P-S, and a statistically significant decrease (P = 0.016) in blood lead of 1.54 /ig/dL in
the soil abatement group BOS SPI compared to the group BOS PI-S that received only dust
abatement. The groups BOS PI-S and BOS P-S did not show significantly different
(P = 0.62) changes in blood lead between Rounds 1 and 3. Table 5-5 also shows similarly
significant (P = 0.0064) reductions in the logarithm of blood lead, with the effect size of soil
abatement relative to control of 0.164 and relative to dust abatement of 0.136 (P * 0.021).
This corresponds to estimated effects on a percentage basis of 17.8% for BOS SPI versus
BOS P-S and 14.6% for BOS SPI versus BOS PI-S. This percentage is calculated from the
log transfonnAtea as a function of the geometric mean (GM), where

5-81



PERCENT CHANGE = £-1 100

'-ihoo

Table 5-6 shows the mean reduction in blood lead during Phase 2 of the Boston study.
Round 3 to Round 4. Two groups received soil and dust abatement during Phase 2,
BOS PI-S and BOS P-S. Group BOS SPI received no further abatement and was an
appropriate reference group for Phase 2 comparison. The soil abatement group BOS PI-S
shows a highly significant (P = 0.0006) decrease in blood lead of 3.80 ^ig/dL relative to the
reference group BOS SPI, and a marginally significant (P = 0.12 two-tailed,
0.061 one-tailed) decrease in blood lead of 1.77 /ig/dL in the soil abatement group BOS P-S
compared to the reference group BOS SPI that received no further abatement in Phase 2.
The groups BOS PI-S and BOS P-S showed near-significantly (P = 0.079) different changes
in blood lead between Rounds 3 and 4. with group BOS PI-S that had received dust
abatement in Phase 1 showing an additional 2.03 ̂ g/dL reduction compared to group
BOS P-S that did not receive dust abatement. Table 5-6 also shows similarly significant
(P = 0.022) reductions in the logarithm of blood lead, with the effect size of soil abatement
in BOS PI-S relative to BOS SPI of 0.310 and BOS P-S relative to BOS SPI of 0.125 (NS,
P = 0.37). There was also an indication of a difference between BOS P-S and BOS PI-S of
0.185, but it was very marginally significant (P = 0.18) although in the expected direction.
This conopoods, on a percentage basis, to an estimated Phase 2 effect of BOS PI-S relative
to BOS SFI of 36.3%.

Age Effects in Boston
Tables 5-5 and 5-6 also show a breakdown of the Boston ANOVA results by age

category. Because of greatly reduced sample sizes, none of the effect size estimates in the
youngest age group (9 to 17 months at Round 1) are statistically significant, even though they

5-82



art large in magnitude and somewhat similar to those in older children. The largest subset
of Boston children, ages 18-41 months at Round 1, showed an even larger effect of soil
abatement than did the whole group. Table 5-5 shows a mean effect of BOS SPI versus
BOS P-S of 2.51 /ig/dL (P = 0.0020). Table 5-5 also shows some differentiation among
treatments, with a nearly significant (P = 0.077 two-tailed, 0.038 one-tailed) effect of

1.33 Mg/dL between the Phase 1 soil abatement group BOS SPI and dust abatement group
BOS PI-S. The log-transformed results for Phase 1 in Table 5-5 are also highly significant
(P = 0.0084) in the 18-41 month age group and somewhat larger than for the whole group,
with an effect size of 0.201 or 22.3% reduction in blood lead in the BOS SPI group
compared to the BOS P-S control group. Effect sizes in the age group 42+ months are
smaller and not statistically significant, which may also be due to a small sample size.

The Phase 2 results are shown in Table 5-6. The effects are all in the expected
direction. The group BOS PI-S that had abatements in both Phase 1 and Phase 2 showed the
greatest reductions in blood lead. The group BOS P-S that received Phase 2 soil abatement
showed a greater Phase 2 reduction in blood lead lead than the group BOS SPI that received
Phase 1 soil abatement, but not further remediation in Phase 2. All of the effect size
estimates are positive, at all ages. In the youngest age group, there are no statistically
significant effects, but die magnitude of the blood lead reductions is large and similar to
those in older children. In the 18 to 41 month age group, the significant effects are slightly
smaller than for the group as a whole. The Phase 2 soil abatement group BOS PI-S had a
significantly larger (P = 0.014) decrease in blood lead of 3.39 ng/dL than did BOS SPI, and
a marginally greater reduction of 2.49 ng/dL (P = 0.076) than did group BOS P-S. The

log-transformed analysis shown in Table 5-6 found somewhat less significant (P = 0.074)
effects for 18-41 month old children, with an effect of 0.299 for BOS PI-S versus BOS SPI,
and an effect flf 0.257 (P - 0.13) for BOS PI-S versus BOS P-S. There was also some
indication in IMbk 5-6 of an effect of soil lead abatement at Phase 2 in the older children,
ages 42+ months, amounting to 3.71 /ig/dL (P = 0.12) for BOS P-S versus BOS SPI, and
3.76 Mg/dL (P = 0.10) for BOS PI-S versus BOS SPI. The results for older children were
large but not significant (P * 0.21) on a log scale, amounting to 0.359 for BOS P-S versus
BOS SPI, and 0.278 (P » 0.31) for BOS PI-S versus BOS SPI in Table 5-6.
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Race/Ethnicity Effects in Boston
The analysis of subgroups of children clearly identified as Afro-American and as

non-Black did not find large differences in overall response in Phase 1, although other
analyses using analysis of covariance (ANCOVA) methods suggest some ethnic differences in
response to environmental lead exposure. Table 5-7 shows that there was a significant
(P = 0.050 two-tailed, 0.025 one-tailed) effect of 1.91 /xg/dL comparing BOS SPI to
BOS P-S from Rounds 1 to 3. The logarithmic analysis in Table 5-7 found a nearly
significant (P = 0.064) effect of 0.163 or 17.7% reduction from soil abatement. The effects
for non-blacks were smaller and only marginally significant, although not significantly
different in magnitude.

Results in Phase 2 of the study were substantially larger. Both of the Phase I soil
abatement groups in Table 5-7- showed substantial and statistically significant reductions
relative to the Phase 2 non-abatement group BOS SPI. The effect for BOS P-S versus
BOS SPI was 3 65 ng/dL (P = 0.014), much larger than the overall group effect, and the
effect for BOS PI-S versus BOS SPI was 4.46 Mg/dL (P = 0.0044). However, the log-
transformed analyses in Table 5-7 showed less significant (P = 0.070) changes, with only
the BOS PI-S versus BOS SPI effect of 0.400 nearly significant. None of the effects for
non-Black children were statistically significant, although this may be a consequence of the
relatively small number of children identified in this subgroup, N = 32, since the estimated
effect of BOS PI-S versus BOS P-S of 4.04 ^g/dL was relatively large.

Gender Effects in Boston
Table 5-7 shows large effects in male children. The Phase 1 effect of both soil

abatement and dust abatement appear to be very similar and significant, 2. 19 ng/dL for
BOS SPI venus BOS P-S and 2.08 ng/dL (P = 0.016) for BOS PI-S versus BOS P-S
(P =» 0.080). The logarithmic analyses in Table 5-7 find even more significant
(P = 0.0099) effects for males, 0.197 for BOS SPI versus BOS P-S and 0.194 for BOS PI-S
versus BOS P-S. The Phase 1 effects for female children are smaller and only marginally
significant, 1.45 jig/dL for BOS SPI versus BOS P-S (P = 0.13). The male-female
differences are not significant, possibly due to larger uncertainty in the estimated female
effect sizes.
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TABLE

Study Group

5-7. REPEATED MEASURES ANALYSIS OF VARIANCE FOR
BOSTON STUDY: EFFECT OF RACE OR SEX

Ail
Rounds 1-3: ^N = 150> <

Black

Rounds 3-t: (N-147) <N

Abate

BOS
BOS
BOS

BOS
BOS
BOS

BOS

SPI
PI-S
SPI

P-S
PI-S
P-S

SPI

Control

BOS
BOS
BOS

BOS
BOS
BOS

BOS

P-S
P-S
PI-S

SPI
SPI
P-S

P-S

Reduction
1.87«
0.33
1.54SI

Reduction
1.77M

3.80s3

2.031T

Reduction in
0. 164s2

in
1.
0.
1.

in
3.
4.

0.

-74)

Group
Nonblack
(N«32>
(N-32)

Male
(N-80)
(N-78)

Blood Lead (E,) Between Rounds 1
911T

78
13

1.54
-0.18
1.72M

2
0
2

.19s'

.11
,08s'

Blood Lead (E,) Between Rounds 3
65SI

46s2

81
Log Blood
0.
T

163'

-1.86
2.18
4.04M

1.
3.
1.

.65
02SI

37
Lead (E,) Between Rounds

0.070 0. 197s2

Female
(N»7Q>

(N=69>

and 3;

1
0
0

45M

.52

.93
and4 I

2.
5.
2.
1

0.

.19
00"
80IT

and32

130"

BOS PI-S BOS P-S
BOS SPI BOS PI-S

BOS P-S BOS SPI
BOS PI-S BOS SPI

BOS P-S BOS P-S

0.028 0.092 -0.105 0.002 0.050
0.136s' 0.070 0.175M 0.194s2 0.080

Reduction in Log Blood Lead (E,) Between Rounds 3 and 42

0.125
0.310s'

0.206
0.4001

T

0.038
0.144

0.176
0.173

0.080
0.47017

0.185M 0.194 0.106 -0.003 0.390"

'Units are Mg/dL Pb in blood.
:Unus are log ^g/dL Pb in blood.

The Phase 2 analyses shown in Table 5-7 find larger and more significant effects in
female children. The Phase 2 effect of soil abatement in BOS PI-S versus no abatement in
BOS SPI is 3.<B*f/dL (P = O.OS) in males, but 5.00 /ig/dL in females (P = 0.0039).
There may abo be a marginally significant difference (P - 0.093) between female children
in the two Phase 2 soil abatement groups, with a somewhat greater effect of 2.80 /ig/dL in
BOS PI-S (that had Phase 1 dust abatement) compared to BOS P-S (no Phase 1 abatement).
However, the statistical significance of the log-transformed data in Table 5-7 was much
lower, with no significant Phase 2 abatement effects for males and less significant effects for
females in BOS PI-S versus BOS SPI and in BOS PI-S versus BOS P-S compared with the
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non-transformed data analyses shown in Table 5-7. Toe male-female differences are not
significant, possibly due to larger uncertainty in the estimated female effect sizes

Blood Lead Truncation Effects in Boston
The design of the Boston study involved some truncation of the range of starting values

of blood lead concentration. One way of assessing the possible effect of this design choice is
to compare the results of the analyses with the results of similar analyses of the Boston data
set using truncated subsets of the data. After preliminary assessment to determine the
number of observations with different truncation levels, the following truncated data sets
were selected:

Full data set, 7 to 24 jxg/dL;
Minimal data set, 10 to 19 /jg/dL;
Upper truncation, 7 to 19
Lower truncation, 10-24

The minimal data set includes only children who would have been considered lead-burdened
at the beginning of the study (blood lead at least 10 jig/dL) and excludes those children
whose blood lead concentrations were at least 20 pig/dL and whose residences might have
been considered as appropriate for environmental intervention on the basis of the blood lead
finding. The upper truncation adds children with somewhat lower blood leads to the minim?'
data set, and the lower truncation adds children with higher blood leads to the minimal data
set.

The truncated data sets for children ages 9 to 17 months at Round 1 did not show any
significant effects, probably due to the very small sample sizes, and are not discussed
further. The Phase 1 results for children of ages 18 to 41 months are shown in Table 5-8
The hifWy «gnifigam whole-sample effect of 2.51 pg/dL for BOS SPI versus BOS P-S in
Phase 1 is largely insensitive to the truncation, increasing to 2.67 /ig/dL (P = 0.013) in the
irtinJTnal data set and 2.73 pg/dL (P = 0.0070) in the lower truncation data set, and
decreasing only to 2.42 /ig/dL (P = 0.0039) in the upper truncation data set. The near
significant effect of BOS SPI relative to BOS PI-S is increased in all of the truncation data
sets, with somewhat lower significance (P = 0.059) due to the smaller sample size except for
the upper truncation, where the effect size is 1.53 jig/dL. The log-transformed analyses
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TABLE S-«. REPEATED MEASURES ANALYSIS OF VARIANCE FOR
BOSTON STUDY: EFFECT OF TRUNCATION ON REDUCTION IN

BLOOD LEAD (E,) BETWEEN ROUNDS 1 AND 3
Truncation Category

Study Group

BOS
BOS
BOS

Abate
SPI
PI-S
SPI

Control
BOS
BOS
BOS

P-S
P-S
PI-S

Mg
(N =

Age 42-52: (N
=100) 'i9,
= 31) (N-

Change in Blood
2.
1.
1.

51s2

17M

33IT

Change in Blood
BOS
BOS
BOS

BOS
BOS
BOS

BOS
BOS
BOS

SPI
PI-S
SPI

SPI
PI-S
SPI

SPI
PI
SPI

BOS
BOS
BOS

BOS
BOS
BOS

BOS
BOS
BOS

P-S
P-S
Pt-S

P-S
P-S
PI-S

P-S
P-S
PI-S

1.
-0.

09
75

1.84
Change in Log Blood

0.
0.

201s2

077
0.1241T

Change in Log Blood

0.
0.
0,

146
007

,140

ug dL
67)

'16)

Lead for
2
0
1

,67S1

.96

.71"
Lead for
0

-1
50
58

2.08
Lead for

0
0

.212

.059
0.153M

Lead for

0
-0

.042
154

0.196

7-19 ng/dL
(N-92)

(N-29)
Age Group 18-41

2
0.
1.

Age Group
1.

-0.
I .

Age Group

0.
0.
0.

Age Group

,42s2

89
531T

42-52
45
20
65
18-41

205S1

068
1371T

42-52

0.176**
0.
0.

035
142

10-24
<S =

(N-
Months2

2
1
1

Months2

0
-2,
2

Months3

0.

'75)

> 1 8 )

,73s2

29"
43M

.00

.25

.25

203S1

0.068
0.

Months3

0.
-0.
0.

.135*

010
180
191

'In the Boston study, children with screening blood lead concentrations below 7 pg/AL and above 24
were excluded from the study for reatoni discussed in Chapter 4.

2Units are pg/dL Pb in blood.
3Uniu are log pf/dL Pb in btood.

show a simitar pMern, with larger but less significant effects of BOS SPI versus BOS P-S
and BOS SPI «••» BOS PI-S in the truncated data sets.

The Pfaue 2 remits for children of ages 18-41 months are shown in Table 5-9. The
significant whole-sample effect of 3.39 ng/dL for BOS PI-S versus BOS SPI in Phase 2 is
more sensitive to the truncation, increasing to 3.89 jxg/dL (P = 0.033) in the minimal data
set and to 4.85 /ig/dL (P * 0.0040) in the lower truncation data set, and decreasing to
2.56 pg/dL (P » 0.079) in the upper truncation data set. However, the effect of die other
Phase 2 soil abatement group BOS P-S versus BOS SPI, which was not at all significant in
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TABLE 5-9. REPEATED MEASURES ANALYSIS OF VARIANCE FOR
BOSTON STUDY: EFFECT OF TRUNCATION ON

REDUCTION IN BLOOD LEAD (E^ BETWEEN ROUNDS 3 AND 4
Truncation Category

Study
Abate

BOS P-S
BOS PI-S
BOS PI-S

BOS P-S
BOS PI-S
BOS P-S

Group
Control

BOS SPI
BOSSPI
BOS P-S

BOSSPI
BOS SPI
BOS P-S

7-24 Mg.'dL- 10-19 ug.dL
(N = 31) <N = 16)

Change in
0.90
3.39s1

2.491T

Change in Log
0.042
0.299iT

0.257M

Blood Lead
2.10
3.89s1

1.79
Blood Lead

0.211
0.372s1

0.161

7-l9^g/dL
iN-29)

for Age Group 18-tl
0.53
2.561T

2.03M

for Age Group 18-41
0.013
0.266M

0.252M

10-24 Mg/dL

months'1

2.40s4

4.85s2

2.45M

Months3

0.226M

0.414s:

0.188

:ln the Boston study, children with screening blood lead concentrations below 7 ng/dL and above 24 ng dL
were excluded from the srudy for reasons discussed in Chapter 4.

:Units are ng/dL Pb in blood.
3Units are log *ig/dL Pb in blood.

the whole sample, is larger and very marginally significant (P = 0.17) in the truncated
sample with children 7 to 9 ng/dL omitted. The nearly significant effect of BOS PI-S
relative to BOS P-S in Table 5-9 is decreased in all of the truncation data sets, with much
lower significance due to the smaller sample size. The log-transformed analyses show a
similar pattern. The nearly significant effect of BOS PI-S versus BOS SPI in the whole
sample is larger and much more significant (P = 0.0093) in the lower truncated sample
The non-signifkant effect of BOS P-S versus BOS SPI in the whole sample is similarly
larger and more significant (P » 0.17) in the lower truncated sample. The Phase 1 results
for children of ages 42 + months are shown in Table 5-8. None of the effects is even
marginifly agnifkant, and this is not substantially changed by truncating the data set. The
log-tnariboned analyses show a similar pattern, with the only change in significance class
occurring in BOS SPI versus BOS P-S with P = 0.25 for the whole data set and P = 0.19 in
the upper truncation data set.

The Phase 2 results for children of ages 42+ months are shown in Table 5-9. The
marginally significant whole-sample effect of 3.76 ng/dL for BOS PI-S versus BOS SPI in
Phase 2 is somewhat sensitive to the truncation, increasing to 5.76 Mg/dL (P = 0.13) in the
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minimal data set and to 5.90 pg/dL (P * 0.067) in the lower truncation data set. and
decreasing onty to 3.70 ng/dL (P * 0.13) in the upper truncation data set. The marginally
significant effect of BOS P-S relative to BOS SPI is almost unchanged in all of the truncation
data sets, with lower significance due to the smaller sample size The log-transformed
analyses show a similar pattern, with no significant effects of BOS PI-S versus BOS SPI nor

BOS P-S versus BOS SPI in the truncated data sets.
In summary, there appears to be some sensitivity to truncation of the data set. There

were a number of situations in which larger and more significant results were found in the
truncated data set, particularly when children with initial blood lead concentrations less than
10 ng/dL were omitted. The effects of truncation were noted in both Phase 1 and Phase 2
analyses.

5.5.2 Cincinnati Repeated Measures Analysis of Variance (ANOVA)
The analyses are based on 223 children whose blood lead measurements were taken in

both Rounds 1 and 4. As noted above, the sample sizes reported are the maximum number
of children who could have been used in the analyses. Due to missing values in covanates
or classification variables, the actual number used is generally somewhat smaller. The effect
size comparisons are based on neighborhood-by-neighborhood comparisons for the 5
neighborhoods with sufficient numbers of follow-up measurements to allow comparisons.
The Phase 1 dust abatement neighborhoods are CIN I-SE(D) and ON I-SE(F); CIN I-SE(B)
was omitted. The no-treatment or control neighborhoods for both Phase 1 (rounds 1 to 4)
and Phase 2 (rounds 4 to 7) were CIN NT(G) and CIN NT(M). The Phase 1 soil abatement
neighborhood was CIN SH(P), which also received no abatement in Phase 2 of the
Cincinnati study. Comparisons are carried out among neighborhoods in different treatment
groups, and ••etimes between neighborhoods within each group.

Table 5-10 shows the effect size for blood lead between Round 1 and Round 4. One of
the largest differences in the study is the difference between the two control or no-treatment
neighborhoods. CIN NT(G) and CIN NT(M), with blood lead in CIN NT(G) decreasing
3.58 pg/dL more than in CIN NT(M) between Round 1 and Round 4 (P - 0.073). Blood
lead in the soil abatement neighborhood, CIN SEI(P), decreased a little more than in the
no-treatment neighborhood of CIN NT(M), 1.02 pg/dL (P - 0.60), but blood lead in the
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TABLE 5-10. REPEATED MEASURES ANALYSIS OF VARIANCE
CINCINNATI STUDY:

Study Group
Abate Control

CIN NT (G) CIN NT (M)
CIN SEI (P) CIN NT(G)
CIN SEI (P) CIN NT (M)
CIN SEI (P) CIN I-SE (D)
CIN SEI (P) CIN I-SE (F)

CIN I-SE (D) CIN NT (G)
CIN I-SE (D) CIN NT (M)
CIN I-SE (F) CIN NT (G)
CIN I-SE (F) CIN NT (M)

FOR
EFFECT OF AGE BETWEEN ROUNDS 1 AND 4

Age Group1

18^1
All Ages 9-17 Months Months
(N = 223) (N=69) (N = 80)

Reduction in Blood Lead (£,.) Between Rounds
3.581T 13.10s3 9.211T

-2.56s1 -5.62s' -0.97
1.02 7.481T 8.24M

-2.43s1 -1.57 0.10
-120 -0.91 -0.26
-0.14 -4.05M -1.07
3.441T 9.05S1 8.14M

-1.37 -4.701T -0.70
2.21 8.40s1 8.51IT

42 +
Months
(N = 70)
1 and42

-2.57M

-1.97M

^.55S1

-4.34s2

-2.991T

2.36M

-0.21
1.02

-1.55
Reduction in Log Blood Lead (£>)

Between Rounds 1 and 43

CIN NT (G) CIN NT (M)
CIN SEI (P) CIN NT(G)
CIN SEI (P) CIN NT (M)
CIN SEI (P) CIN I-SE (D)
CIN SEI (P) CIN I-SE (F)
CIN I-SE (D) CIN NT (G)
CIN I-SE (D) CIN NT (M)
CIN I-SE (F) CIN NT (G)
CIN I-SE (F) CIN NT (M)

0.615s2 1.903s4 0.804
-0.403s3 -0.775s2 -0.199
0.212 1.128s2 0.605M

-0.24111 -0.142 0.007
-0.170 -0.187 -0.048
-0.163 -0.634s1 -0.206
0.453s1 1.269s3 0.598M

-0.233M -0.589s1 -0.152
0.383 1T 1.314s3 0.652M

-0.129
-0.346s1

-0.475s1

-0.409s2

-0.33611

0.063
-0.065
-0.010
-0.138

'Age is tp Bi months at time of Round 1 blood sample.
2Unia m pf/dL R> in blood.
3Uoiu are tof j»f/dL Pb in blood.

dust abatement neighborhoods decreased much more, 3.44 /ig/dL for CIN I-SE(D) versus
CIN NT(M) (P » 0.08) and 2.21 /ig/dL for CIN I-SE(F) versus CIN NT(M) (P - 0.30).
On the other hand, blood lead decreased much less in CIN SH(P) than in the other
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no-treatment neighborhood, ON NT(G), -2.56 Mg/dL (P= 0.036). In fact, ON SEI(P)
decreased much less than either of the dust abatement neighborhoods of CIN I-SE(D)
(-2.43 Mg/dL, P = 0.049) or CIN I-SE(F) (-1.20 Mg/dL, P = 0.36). A negative sign on
effect size means that the decrease was smaller in the comparison neighborhood than in the
reference neighborhood, which is generally contrary to what was expected in one-tailed tests

The log-transformed blood lead analyses for Phase 1 shown in Table 5-10 exhibit the
same pattern, but with much more significant effects. The largest effect in Table 5-10 is the
difference between the two no-treatment neighborhoods, 0.615 on a log scale (P = 0.0032).
This corresponds to a percentage difference of 85 % in blood lead reduction between Round 1
and Round 4. The soil abatement neighborhood of CIN SEI(P) showed a significantly
smaller reduction compared to CIN NT(G), -0.403 (P = 0.0016). While CIN SEI(P)
showed a reduction of 0.212 or 23.6% compared to CIN NT(M), the effect was not
significant (P = 0.30). Both CIN I-SE(D) and CIN I-SE(F) showed significant or near-
significant improvements over CIN NT(M), respectively 0.453 (P = 0.03) and 0.383
(P = 0.07), but decreased less than the other control neighborhood, CIN NT(G).

The results for Phase 2 are shown in Table 5-11. The only effect of even marginal
significance is the difference between the two control neighborhoods. However, the effect is
in the opposite direction to the Phase 1 difference between CIN NT(G) and CIN NT(M),
- 2.55 ng/dL. The log-transformed analyses for Phase 2 shown in Table 5-11 show a similar
pattern, but with greater significance. The difference between CIN NT(G) and CIN NT(M)
was larger in Phase 2, -0.334 on a log scale (P = 0.062), or 40%. While neither CIN
SEI(P) nor CIN NT(G) received abatement during Phase 2, blood lead in CIN SEI(P)
decreased more than in CIN NT(G) by 0.168 or 18.3% (P = 0.126), and less than in CIN
NT(M) by -0.166 (P - 0.34).

Age Effects
Tables 5-10 through 5-11 also show age-stratified analyses. Unlike Boston and

Baltimore, the Cincinnati study had almost the same number of children in each of the
Round 1 age categories 9 to 17 months, 18 to 41 months, and 42+ months. In the youngest
age group, the differences identified earlier were much larger and much more significant.
The difference between CIN NT(G) and CIN NT(M) during Phase 1 was 13.1
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TABLE 5-11. REPEATED MEASURES ANALYSIS OF VARIANCE FOR
CINCINNATI STUDY: EFFECT OF AGE BETWEEN ROUNDS 4 AND 7

Age Group1

Study
Abate

CIN NT <G1
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

Group
Control

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

All Ages
<N = 223)

Reduction
-2.55M

0.85
-1.70
-0.01
0.72

9-17 Months
(N=69)

18-41 Months
(N=80)

in Blood Lead (E.) Between Rounds 4
-4.56
1.06

-3.50
-1.13
1.42

Reduction in Log Blood Lead
CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

-0.33411

0.168M

-0.166
0.033
0.047

NC

-1.75
0.27

-1.48
0.78
0.23

<£,) Between Rounds
-0.188
0.128

-0.059
0.075
0.062

42 -»• Months
(N=7CM

and 7:

NC

4 and 73

-0.304M

0.210** '
-0.094
0.123
0.103

' Age is age in months at tune of Round I blood sample
2Units are ng/dL Pb in blood.
3Units are log Mg/dL Pb in blood.

(P = 0.0014) as seen in Table 5-10. CIN SEI(P) was significantly less reduced than CIN
NT(G). -5.6 jig/dL (P = 0.020) in the youngest age group, and reduced significantly more
than in CIN NT(M), 7.5 n%/dL (P = 0.053). All of the other effect sizes compared to CIN
NT(G) and CIN NT(M) were larger, in the same direction as the whole-group analyses, and
much more significant in this age group. Findings were much more significant for the
log-transformed analyses shown in Table 5-10. The two control groups showed the largest
relative differences, with P < 0.0001. The estimated Phase 1 effect of CIN SEI(P) versus
CIN NT(M) was 1.128 or 200% (P = 0.0098), and CIN SEI(P) versus CIN NT(G) was
-0.775 <f » 0.0046). CIN I-SE(D) and CIN I-SE(F) also had significantly more reduction
than CIN NT(M), and significantly less than CIN NT(G) during Phase 1.

Phase 1 effects for 18-41 month old children were consistently much smaller and much
less significant than for 9-17 month old children. The most nearly significant Phase 1 results
for 18-41 month old children were differences between CIN NT(G) and CIN NT(M) of
9.21 jigVdL (P = 0.072) and between CIN I-SE(F) and CIN NT(M) of 8.41 Mg/dL
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(P » 0.095). The CIN NT(G)-CIN NT(M) effect for Phase 1 was also nearly significant for
18-41 month children on a log scale, shown in Table 5-10 (P = 0.067).

Phase 1 effects for children of ages at least 42 months showed a very different pattern
than for the younger children. Blood lead decreased less in CIN SEI(P) than in any other
neighborhood. The negative effect of CIN SEI(P) versus CIN NT(G) was -1 97 Mg/dL
(P = 0.20), of CIN SEI(P) versus CIN NT(M) was -4.55 Mg/dL (P = 0.017), of
CIN SEI(P) versus CIN I-SE(D) was -4.34 ̂ g/dL (P = 0.0028), and of CIN SEI(P) versus
CIN I-SE(F) was -2.99 ng/dL (P = 0.082). Even the sign of the CIN NT(G)-CIN NT(M)
difference was negative in the oldest age group. Table 5-10 shows the same pattern of
Phase 1 effects using log blood lead of the older children, with similar statistical
significance.

Phase 2 results were consistently non-significant within each age stratum, as shown in
Table 5-11.

Effects of Blood Lead Truncation in Cincinnati
The range of blood lead concentrations in the Cincinnati study was not constrained by

study design and was much larger than in the Boston study. Therefore, truncation of
Cincinnati Round 1 blood lead to the corresponding Boston range (7 to 24 ng/dL) greatly
reduced the sample size of the truncated data set. For children age 9 to 17 months, the
sample size was reduced from 69 children for the whole data set to 33 in the truncated data
set, with only 15 children remaining in the data set truncated to 10 to 19 pg/dL. Large and
highly significant differences between CIN NT(G) and CIN NT(M), CIN NT(G), and
CIN SEI, CIN NT(M) and CIN SEI that were found in the whole sample of 9 to 17 month
old children completely lost statistical significance in the truncated samples, and their results
are not repon^d here.

Few cUdren were lost to truncation for ages 18-41 months, and the findings were
statistically significant. Table 5-12 shows the results for Phase 1 effects. The effect size for
CIN NT(G) versus CIN NT(M) Phase 1 blood lead reduction in the full sample was
9.21 /ig/dL (P » 0.072), which was the same size but less significant (P » 0.10) in the 7 to
24 pg/dL truncation. However, the effect size for CIN NT(G) versus CIN NT(M) was
larger and more significant in the smaller data sets: 11.76 pg/dL (P » 0.053) in the 10 to
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TABLE 5-12. REPEATED MEASURES ANALYSIS OF VARIANCE FOR
CINCINNATI STUDY: EFFECT OF TRUNCATION BETWEEN ROUNDS 1 AND 4

Truncation Category
Study Group

Abate Versus Control All 7-24Mg/dL 10-19Mg/dL 10-24 Mg/dL
Abate

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

Control

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

Reduction in Blood Lead (ET) Age 9-17 Months
(N=69)
13.10s3

-5.62s1

7.481T

-1.57
-0.91
Reduction

(N = 80)
9.211T

-0.97
8.24M

0.10
-0.26
Reduction

(N=70)
-2.57M

-1.97M

^.55S1

^.34S2

-2.99IT

(N = 33)
NC

-2.82
NC

-2.45
3.02

in Blood Lead
(N = 67)

9.21M

-0.95
8.26M

1.21
-0.81

in Blood Lead
(N=47)

-1.61
-2.73
^.341T

-5.17s1

-2.06

(N = 15)
NC

0.73
NC

-0.86
-2.83

(£,) Age 18^1
(N = 38)
11.761T

-3.52
8.24M

1.86
-0.82

(E,) Age 42 +
(N=31)

-1.44
-1.74 -
-3.17
-3.12
-0.02

Months1 :

(N=43)
l l . l l1 1

-2.35
8.76M

2.40
-0.33

Months' 2

(N = 36)
-1.49
-1.70
-3.19

-4.64M

-0.07

'Uoiu are jtg/dL Pb in blood.
:Age is age in months at '<")* of Round I blood sample.

19 pg/dL truncation sample, 11.11 ng/dL (P = O.OS2) in the 10 to 24 pg/dL truncation
sample. The CIN SEI versus CIN NT(G) effect size was larger and more negative in the
truncated data sets, but the effects were still not statistically significant. The CTN SEI versus
CIN NT(M) Phase 1 effect was little changed in either magninidr or statistical significance
by truncation. Similar effects were obtained in the log-transformed analyses, not shown.
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The Phase 2 results in Table 5-13 showed a few differences, but nooe of the truncation
effects were statistically significant for 18-41 month old children.

TABLE 5-13. REPEATED MEASURES ANALYSIS OF VARIANCE FOR
CINCINNATI STUDY: EFFECT OF TRUNCATION

_____________BETWEEN ROUNDS 1 AND 4____________
Truncation Category

Study Group
Abate Versus Control All 7-24 Mg/L 10-19
Abate

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (G)
CIN SEI(P)
ONSO(F)
CIN SEI (P)
CIN SEI (P)

Control

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

CIN NT (M)
CIN NT(G)
CIN NT (M)
CIN I-SE (D)
ON I-SE (F)

ONNT(M)
ONNT(G)

CINNT(M)
CIN I-SE (D)
CIN I-SE (F)

Reduction in Log
(N=69)

1.903s4

-0.775s2

1.128s2

-0.142
-0.187

Reduction in Log
(N=80)

0.8041T

-0.199"
0.605M

0.007
-Q.MS

Reduction in Log
(N=70)

-0.129
-0.346s1

-0.475s1

-0.409s2

-0.33611

Blood Lead (E,) Age
(N=33)

NC
-0.153
NC
-0.028
0.421

Blood Lead (£,) Age
(N=67)

0.791M

-0.160
0.631
0.075

-0.091
Blood Lead (E,) Age

(N=47)
-0.064
-0.332M

-0.39611

-0.506s1

-0.202

9-17 Months12

(N = 15)
NC
-0.006
NC
-0.126
-0.194

18-41 Months1 2

(N = 38)
NC
NC
NC
NC
NC

42-*- Months1 2

(N-31)
NC
NC
NC
NC
NC

'Units an log pf/dL Pb in Mood.
2Age is ige in months at time of Round 1 Mood sample.
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The effects of blood lead truncation in children of ages 42+ months, shown in
Tables 5-14 and 5-15 was usually a modest reduction in the estimated size of the effect, but a
large attenuation of statistical significance This may be largely attributable to reduction in
sample size. The Phase 1 reduction in blood lead for CIN SEI remained smaller than for
any other neighborhood, but the statistical significance of the difference virtually
disappeared. The difference between the two control neighborhoods also lost any statistical
significance. The pattern of findings was also the same for log-transformed blood lead, not
shown here. The Phase 2 results, which showed only a few small and marginally significant
differences among neighborhoods in the whole sample, exhibited no significant differences in
the truncated samples.

5.5.3 Baltimore Repeated Measures Analysis of Variance (ANOVA)
The Baltimore study carried out soil lead abatement (without interior dust lead abatement) in
one neighborhood. Lower Park Heights. A small number of houses in this treatment group
were not abated, almost all of which had no single soil sample above about 500 ng/g. In
other words, the non-abated residences in Area 1 had a maximum soil lead concentration less
than about 500 pg/g, whereas almost all of the abated residences had maximum soil lead
above about 500 /*g/g. For this reason, we used the control neighborhood of Walbrook
Junction, where all properties had at least one soil measurement above 500 /jg/g, and the
unabated properties of lower Park Heights as separate controls rather than combining them as
in the Baltimore report. The study group in Lower Park Heights is denoted BAL SP and the
control groups are denoted BAL PI for the Walbrook Junction group and BAL P2 for the
low soil lead houses in Lower Park Heights As in Cincinnati, because of possible
neighborittod differences, comparisons of BAL SP with each of the reference groups seems
appropriate. We used Round 3, the last preabatement blood lead sample time, as the basis
for companion even though the measurements were made in February 1990, about 6 months
before die soil abatement, about 11 months before the first postabatement blood lead at
Round 4 in 1991, and about 19 months before the Sept. 1991 blood lead sample at Round 6
It was not clear which pre-post comparisons were more appropriate. Round 3 versus Round 4
or Round 6. Both are reported here. Table 5-16 shows the results of the Round 3 versus
Round 4 and Round 6 comparison of group BAL SP versus the two controls. None of the
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TABLE 5-14. REPEATED MEASURES ANALYSIS OF VARIANCE FOR
CINCINNATI STUDY: EFFECT OF TRUNCATION

BETWEEN ROUNDS 4 AND 7
Truncation Category

Study Group
Abate Versus Control All 7-24 ng/dL 10-19 10-24 Mg/L
Abate

CIN
CIN
CIN
CIN
CIN

CIN
CIN
CIN
CIN
CIN

CIN
CIN
CIN
CIN
CIN

NT
SEI
SEI
SEI
SEI

NT
SEI
SEI
SEI
SEI

NT
SEI
SEI
SEI
SEI

1 Units are «•
:Age is

(G)
(P)
(P)
(P)
(P)

(G)
(P)
(P)
(P)
(P)

(G)
(P)
(P)
(P)
(P)

MLPb

Control

CIN
CIN
CIN
CIN
CIN

CIN

NT(M)
NT(G)
NT(M)
I-SE (D)
I-SE (F)

NT(M)
CIN NT(G)

CIN
CIN
CIN

CIN

NT(M)
I-SE (D)
I-SE (F)

NT(M)

Reduction
(N=69)

4.56
1.06

-3.50
-1.13
1.42

Reduction
(N = 80)

-1.75
0.27

-1.48
0.78
0.23

Reduction
(N = 70)

CINNT(G)
CIN
CIN
CIN

NT(M)
I-SE (D)
I-SE (F)

in Blood Lead
(N = 33)

NC
-0.32

NC
3.54
3.18

in Blood Lead
(N=67)
-1.05
-0.48
-1.53
1.18
0.39

in Blood Lead
(N=47)
-2.86
2.83

-0.02
1.18
0.59

(E,) Age 9-17
(N = 15)

NC
2.68
NC
6.30
0.68

(E,) Age 1841
(N = 38)

2.42
0.75

-1.67
1.40

-1.96
(E,) Age 42 +

(N = 31)
-3.97
4.44
0.47
1.75
1.02

Months1-2

Months12

(N =
0

-1
-1
1

-0

=43)
.06
.13
.07
.99
.49

Months1 2

(N = 36)
4
4.
0.
1.
1.

.00
45
45
81
00

in Wood.
ap ta noons * time of Round I blood sample.

effect estimates for the large control group BAL P2 are statistically significant, nor is there
any significant effect against BAL PI using log blood lead, as shown in Table 5-16. The
comparisons of BAL SP versus BAL P2 in Table 5-16 find a marginally significant
difference (P = 0.16) between BAL SP and BAL P2 between Round 3 and Round 4, but the
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TABLE 5-15. REPEATED MEASURES ANALYSIS OF VARIANCE FOR
CINCINNATI STUDY: EFFECT OF TRUNCATION

BETWEEN ROUNDS 4 AND 7
Truncation Category

Study Group
Abate Versus Control All 7-24 (/ig/dL) 10-19 (Mg/dL) 10-24
Abate

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SO (P)
CIN SH (P)

Control

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

Reduction
(N=69)

Reduction
(N = 80)

-0.188
0.128

-0.059
0.075
0.062

Reduction
(N=70)

-0.304M

0.210*
-0.094
0.123
0.103

in Log Blood Lead (E,) Age
(N = 33)

NC
-0.179
NC
0.123

-0.063
in Log Blood

(N=67)
-0.113
0.041

-0.072
0.123
0.082

in Log Blood
(N=47)

-0.292
0.362
0.070
0.272
0.194

(N = 15)
NC

0.251
NC

0.561
-0.075

Lead (E,) Age
(N = 38)

NC
NC
NC
NC
NC

Lead (E,) Age
(N = 31)
-0.402
0.534
0.132
0.382
0.215

9-17 Months1 2

1

18-41 Months1-2

(N=43)
0.052
-0.099
-0.047
0.183
-0.020

42+ Months1-2

(N-36)
-0.403
0.534
0.131
0.363
0.214

'Units an ta| *f/4L R> in blood.
2Age is ap it Boodu at time of Round 1 blood sample.

effect is not statistically significant by Round 6. There is no significant effect after
transforming to log blood lead, as shown in Table 5-16.
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TABLE 5-16. REPEATED MEASURES ANALYSIS OF VARIANCE FOR
BALTIMORE STUDY: EFFECT OF AGE

Study Group
Abate

BAL SP
BAL SP

BAL SP
BALSP

BAL SP
BAL SP

BALSP
BAL SP

Control
BAL PI
BALP2

BAL PI
BALP2

BAL PI
BAL P2

BAL PI
BALP2

Age Group1

AJ1 Ages < 18 Months 18-41 Months
(N=463) ( N = 1 6 ) (N=88)

Reduction
0.07
1.77M

Reduction
-0.54
0.671T

Reduction in
-0.012
-0.002
Reduction in

. '-0.013
0.006

in Blood Lead < E. i Between Rounds 3
5.70 0.22

3.23
in Blood Lead (E.) Between Rounds 3

0.39

Log Blood
NC

Log Blood
NC
NC

-0.44
5.20"

Lead (E.) Between Rounds
NC
NC

Lead (£,) Between Rounds
NC

42 -t- Months

and 41

006
1.74M

and6'
-0.18
0.55

3 and42

0.002
0.124

3 and62

NC

'Age is age in months at time of Round 1 blood sample.
:Units are pg/dL Pb in blood.
'Units are log ng/dL Pb in blood.

Age Effects
The design of the Baltimore study excluded most children younger than 18 months, and

no significant effects were found in the few analyses that could be carried out with only
16 children at most in the three groups. There were 88 children in the age group
18-41 months, with a marginally significant effect between BAL SP and BAL P2 from
Round 3 to Round 6 (P = 0.17), as found in Table 5-16. There were 161 children in the
oldest group, and one of the effects was marginally significant for ages 42 + months, BAL
SP versus BAL P2 from Round 3 to Round 4 (P = 0.12).

Effects of Blood Lead Truncation
Results are shown for Round 3 versus Round 6 comparisons only. Because the range

of the blood lead concentrations at Round 3 in the Baltimore study was not constrained by
study design, truncation of blood lead to the interval 7 to 24 pg/dL or smaller resulted in a
substantial reduction in sample size. At ages 18-41 months, the number of children dropped
from 88 for the full sample to 64 children in the range 7 to 24 pg/dL, and to 32 children in
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the range 10 to 19 ng/dL. As shown in Table 5-17, the effects of BAL SP versus BAL PI
were somewhat larger A similar pattern was seen in the log blood lead analyses in
Table 5-17.

TABLE 5-17. REPEATED MEASURES ANALYSIS OF VARIANCE FOR
BALTIMORE STUDY: EFFECT OF TRUNCATION

BETWEEN ROUNDS 3 AND 4

_______________TRUNCATION CATEGORY12 3______________
ALL 10-19 10-24 7-19 7-24

<18:(N=16) <18:(N»2) <18:(N-4) <18:(N»5) <18:(N-7)
18-*2:(N = 88) 18-42: (N»32) 18^*2: (N-42) 18-42: (N-54 18-42: (N-64)

STUDY GROUP >42: (N-161) >42: (N-47) >42: (N-53) >42: (N-110) >42:(N-120)
ABATE CONTROL______REDUCTION IN BLOOD LEAD (E,) FOR AGE < 18 MONTHS
BAL SP BAL PI 5.70 14.7
BAL SP BAL P2 ____________________________________________________

______REDUCTION IN BLOOD LEAD (E,) FOR AGE 18-41 MONTHS
BALSP BAL PI 0.22 -1.54 -1.56 -0.52
BAL SP BAL P2 _____3.23_________________________________________

______REDUCTION IN BLOOD LEAD (E,) FOR AGE 42+ MONTHS
BALSP BAL PI 0.06 -0.43 -0.22 -0.17 0.12
BAL SP BAL P2 _____1.74M__________________________1.68________1.39

REDUCTION [N LOG BLOOD LEAD (E,) FOR AGE < 18 MONTHS4

BAL SP BAL PI
BAL SP BAL P2

REDUCTION IN LOG BLOOD LEAD (E,) FOR AGE 18-41 MONTHS

BAL SP BAL PI -0.300
BALSP BALP2

REDUCTION IN LOG BLOOD LEAD (E,) FOR AGE 42+ MONTHS
BALSP BAL PI 0.002 0.098 0.087 0.046 -0.020
BALSP JALP2 ______ 0.124 _________________________ 0.110 _______ 0.123

'Units are pf/dL P*> in blood.
2 Age is age in months at time of Round 1 Mood sample.
3No optimal solutioo for milling ceils in table.
4Units are log pg/dL Pb in blood.
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The blood lead truncation also reduced the sample size for older children, from 161
children in the full sample to 1 16 children in the range of 7 to 24 pg/dL at Round 3 , and
only 47 children in the range 10 to 19 jig/dL. The effect size for BAL SP versus BAL PI
was larger in the truncated data sets, but not even marginally significant for blood lead in the
range 7 to 24 jig/dL (smaller P = 0.21). There was, however, a suggestion of a reduction
in BAL SP compared to the Area 1 control group, BAL P2 for children age 18 months and
older, and possibly even a larger benefit relative to BAL PI in the children < 18 months.

5.5.4 Boston Repeated Measures Analysis of Covariance (ANCOVA)
Many of the important covariate effects of age, race/ethnicity, and gender could be

assessed by stratifying the data set, but the possible changes in response associated with
continuous variables such as lead in soil and dust required a more general approach. Some
preliminary results suggested that there may be systematic differences in response to changes
in environmental lead across different treatment groups. These findings were explored more
systematically in the longitudinal structural equation models (SEM) discussed in Section 5-6.
We will briefly report the more significant findings from the ANCOVA analyses. The
analyses were all carried out using log-transformed soil lead concentrations, dust lead
concentrations, or dust lead loadings, because of the highly skewed distributions of these
environmental lead variables. We also used log-transformed blood leads.

The results of the Phase 1 analyses are shown in Tables 5-18, 5-19, and 5-20. The
blood lead effect (E,) for repeated measures ANCOVA is calculated in die same manner as
discussed previously for RM ANOVA. The change in the dust or soil lead regression
coefficient for RM ANCOVA may be calculated as

Table 5-18 shows the RM ANCOVA for log dust lead concentration, stratified by age.
There were some marginally significant differences in the relationship between blood lead
and dust lead concentration. The relationship, which was initially quite flat in all groups at
Round 1, became much sharper in all groups at Round 3. However, the increasing slope of
the log blood lead versus log dust lead concentration grew much more strongly in the dust
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TABLE 5-18. REPEATED MEASURES ANALYSIS OF COVARJANCE FOR
BOSTON STUDY: EFFECT OF AGE AND LOG DUST LEAD CONCENTRATION

REDUCTION ON LOG BLOOD LEAD (E,) BETWEEN ROUNDS 1 AND 3

Study Group
Abate Versus Control

BOS SPI BOS P-S

BOS PI-S BOS P-S
BOS SPI BOS PI-S

BOS SPI BOS P-S
BOS PI-S BOS P-S
BOS SPI BOS PI-S

All Ages
(N = 142)

0.199

1.330^

-1.131

Covanate: Log Dust

-0.008
-0.180M

0.173M

Age Group1-2

9-17 Months 18-41 Months
(N = 17) (N=97)

0.717 0.951

3.339 1.524M

-2.622 -0.573

Pb Concentration3

-0.095 -0.102
-0.493 -0.199M

0398 0.097

42-i- Months
(N = 28)

-2.421
-3.622

1.201

0.342 -
0.507

-0.165

'Units are log ng/dL Pb in blood.
:Age is age in months at tune of Round 1 blood sample.
3Units are log Mg/dL Pb in blood per log Mg'g Pb ui dust.

abatement group BOS PI-S between Round 1 and Round 3 than in either the soil abatement
group BOS SPI or the control group BOS P-S. The change was most significant in the
largest group, 18-41 months of age, but qualitatively similar in younger children. When lo£
dust lead loading was used as a covahate, there were virtually no significant differences in
blood lead response among treatment groups except for the youngest group, ages 9-17
months, where group BOS PI-S showed a relatively much more significant increase in the
slope of the relationship (P = 0.095) than did BOS SPI or BOS P-S in Table 5-19. There
were no «yii*v'«nt effects on the relationship when log soil lead was used as a covahate.
When btMfc dust lead and soil lead were used as covahates, the effect sizes for slope were
essentially those of the dust lead model, as shown in Table 5-20, with soil lead effects adding
little to the predictive power of the model.

The results of the Phase 2 analyses are shown in Tables 5-20 and 5-21. Table 5-20
shows the RM ANCOVA for log dust lead concentration, stratified by age. There were
some highly significant differences among treatment groups in the relationship between blood
lead and dust lead concentration. The relationship of log blood lead versus log dust lead
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TABLE 5-19. REPEATED MEASURES ANALYSIS OF COVARIANCE FOR
BOSTON STUDY: EFFECT OF AGE AND LOG DUST LEAD AND

SOIL LEAD CONCENTRATION ON REDUCTION IN LOG BLOOD LEAD (E,)
BETWEEN ROUNDS 1 AND 3

Age Group1 2

Study Group All Ages 9-17 Months 18^1 Months 42 -r Months
Abate Versus Control (N-142) (N = 17) (N=97) (N = 28)

BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

1.866M

0.981
0.884

-2.013
-5.755
3.742

Covanate: Log Dust Lead Concentration3

BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

-0.096
-0.206M

0.111

0.416
0.438

-0.022
Covanate: Log Soil Lead Concentration4

BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

-0.103
0.076

-0.178

-0.151
0.362

-0.513

; Units are log ng/dL Pb in blood.
2 Age is age in months at time of Round 1 Mood sample.
3Uniu are log ngJdL Pb in blood per pg/g Pb in dust.
4Uoiu are log jig/dL Pb in blood per log jig/g Pb in soil.

concentration flattened much more strongly in the Phase 2 soil abatement group BOS PI-S
between Round 3 and Round 4 than in either the soil abatement group BOS P-S or the Phase
2 non-abatement group BOS SPI. The change was most significant (P = 0.0019 for BOS
PI-S versus BOS P-S, P - 0.029 for BOS PI-S versus BOS SPI) in the largest group,
18-41 mood* of age, but not separately estimatable in younger children. When log dust lead
loading WM wed as a covanate, there were similar significant differences in blood lead
response among treatment groups in the two older age groups, where group BOS PI-S
showed a relatively much more significant decreases in the slope of the relationship than did
either BOS SPI or P in Table 5-21. For 18-41 month old children, the effects on log blood
lead versus log dust lead loading shown in Table 5-21 had significance levels P - 0.017 for
BOS PI-S versus BOS SPI and P - 0.033 for BOS PI-S versus BOS P-S respectively There
were no significant effects on the relationship when log soil lead was used as a covanate
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TABLE 5-20. REPEATED MEASURES ANALYSIS OF COVARIANCE FOR
BOSTON STUDY: EFFECT OF AGE AND LOG DUST LEAD CONCENTRATION

ON REDUCTION IN LOG BLOOD LEAD (E,.) BETWEEN ROUNDS 3 AND 4

Study Group
Abate Versus Control

BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

Age Group1 ••2

All Ages 9-17 Months 18-41 Months 42 + Months
(N = 142) (N=17) (N=97) (N = 28)

0.731 -6.685
-3.575s1

-4.306s1

2.828M

^.123SI

-6.950s2

-3.720
0.077
4.797

Covariate: Log Dust Lead Concentration3

BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

-0.098 1.035
0.558s1

0.656s1

-0.432°
0.628?
1.060?

0.582
-0.101
-0683 '

'Units are log ng/dL Pb in blood. .
:Age is age in months at time of Round 1 blood sample.
-Units are ug.dL Pb in blood per unit logarithm difference in dust lead concentration. Equivalent to decimal
percent change (see Equation 5-20).

TABLE 5-21. REPEATED MEASURES ANALYSIS OF COVARIANCE
FOR BOSTON STUDY: EFFECT OF AGE AND LOG DUST LEAD LOADING

ON REDUCTION IN BLOOD LEAD (E,) BETWEEN ROUNDS 3 AND 4
Age Group1 2

Study Group
Abate Versus Control

BOS SPI
BOS PI-S
BOS SPI

BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

BOS P-S
BOS P-S
BOS PI-S

All Ages
(N = 128)

0.120
-0.607
-0.727M

Covariate: Log
-0.013
0.2671T

0.280IT

9-17 Months 18-41 Months 42+ Months
(N = 15) (N=89) (N = 24)

NC

NC

NC

Dust Lead Loading
NC
NC
NC

-0.393

-1.28911

-0.896M

0.099
0.459s1

0.360s1

0.764

2.178

-2.943M

0.106
0.670"

0.776M

'Units are log pg/dL Pb in blood.
2 Age is age in months at tune of Round 1 blood sample.
3Uniu are pg/dL Pb in blood per unit logarithm difference in dust lead concentration. Equivalent to decimal
percent change (see Equation 5-20).
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When both dust lead and soil lead were used as covahates, the effect sizes for slope were
essentially mow of the dust lead model, with soil lead effects adding little to the predictive
power of the model.

When stratified analyses by race were carried out. the effects on dust lead slopes were
larger and more significant among Afro-American children than for the sample as a whole
Table 5-22 is analogous to Table 5-18. The effect on dust lead slope for BOS PI-S versus
BOS P-S between round 1 and round 3 is large, -0.528, and is highly significant
(P = 0.0078). The effect on slope between BOS SPI and BOS PI-S is also large 0.386, and
is nearly significant (P = 0.058). The significant whole-sample dust lead slope effects
reflect the significant effects in the 18-41 month age group. However, slope effects for
Afro-American children shown in Table 5-23 are nearly all non-significant when log dust
lead loading is used as a covariate. Soil lead concentration is also not predictive for these
children. When both log dust lead concentration and soil lead concentration are used as
covariates, as shown in Table 5-24, there are large and highly significant differences in
Phase 1 dust lead slope effects in group BOS PI-S, and large marginally significant soil lead
slope effects as well, although these may reflect the collinearity between soil lead and dust
lead in group BOS PI-S.

Stratified analyses for Phase 2 effects in Afro-American children are shown in
Tables 5-25 and 5-26. Table 5-25 shows a large decrease in slope in group BOS PI-S, just
as in Table 5-20, with P * 0.0349 for BOS PI-S versus BOS SPI in children of ages
18-41 months. However, in Table 5-26, slope effects for log dust lead loading are relatively
large and significant, P - 0.015 for BOS PI-S versus BOS SPI and P - 0.071 for BOS PI-S
versus BOS P-S in 18-41 month old Afro-American children.

In sumiMfy, these analyses suggest that there were some fairly substantial differences
in the relatioHttp between blood lead and dust lead during successive phases of the Boston
study. The relationship between blood lead and dust lead was very flat in Round 1, and
suggests that there may have been an attenuation in the real relationship due to selection or
recruitment effects. After the Phase 1 abatement, the relationship became much more
evident in the group BOS PI-S that received dust abatement, but not soil abatement in Phase
1 of the study. When group BOS PI-S received soil abatement during Phase 2 of the Boston
study, much of the apparent relationship seems to have been attenuated or reversed.

5-105



TABLE 5-22. REPEATED MEASURES ANALYSIS OF COVARIANCE
FOR BOSTON STUDY: EFFECT OF AGE AND LOG DUST LEAD
CONCENTRATION ON REDUCTION IN LOG BLOOD LEAD (E,)

BETWEEN ROUNDS 1 AND 3 FOR AFRO-AMERICAN CHILDREN

Study Group
Abate Versus Control

BOS
BOS
BOS

SPI
PI-S
SPI

BOS
BOS
BOS

P-S
P-S
PI-S

All Ages
(N-71)

0
3

-2

.549

.008SI

.4601T

Covariate: Log Dust
BOS
BOS
BOS

SPI
PI-S
SPI

BOS
BOS
BOS

P-S
P-S
PI-S

-0
-0

. 0

.056
,413SI

.3571T

Age
9- 17 Months

(N-ll)
NC
NC
NC

Group' .2

18^1 Months
(N-44)

1.223
3.865s2

-2.64211

42-i- Months
(N-16)

-3
-6
3

.269

.539

.270
Lead Concentration3

NC
NC
NC

-0.
-0
0.

,142
528s2

3861T

0
0

-0.

.448

.872
423

'Units are log ngJdL Pb in blood.
:Age is age in months at time of Round 1 blood sample.
3 Units are Mg/dL Pb in blood per unit logarithm difference in dust lead concentration. Equivalent to decimal
percent change (see Equation 5-20).

TABLE 5-23. REPEATED MEASURES ANALYSIS OF
COVARIANCE FOR BOSTON STUDY: EFFECT OF AGE AND LOG

DUST LEAD LOAD ON REDUCTION IN LOG BLOOD LEAD (E,)
BETWEEN ROUNDS 1 AND 3 FOR AFRO-AMERICAN CHILDREN

Age Group1-2

Study Group
Abate Versus Control

BOS SPI
BOS PI-S
BOS SPI

BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

BOS P-S
BOS P-S
BOS PI-S

All Ages
(N-71)

0.109
0.439
-0.330

Covariate: Log
0.015

-0.0%
0.111

9-17 Months 18-41 Months 42-1- Months
(N-l l ) (N-44) (N-16)

NC
NC
NC

Dust Lead Load3

NC
NC
NC

0.366
0.820*

-0.453

-0.035
-0.153 +
0.118

5.074
0.597
4.478

-1.261
-0.222
-1.038

'Units are log pg/dL Pb in blood.
2Age is age in months at time of Round 1 blood sample.
'Units are pgydL Pb in blood per unit logarithm difference in dust lead concentration. Equivalent to
percent change (see Equation 5-20).
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TABLE 5-24. REPEATED MEASURES ANALYSIS OF COVARIANCE FOR
BOSTON STUDY: EFFECT OF AGE AND LOG DUST LEAD CONCENTRATION,

SOIL LEAD CONCENTRATION ON REDUCTION IN LOG BLOOD LEAD (E,)
BETWEEN ROUNDS 1 AND 3 FOR AFRO-AMERICAN CHILDREN

Study Group All
Abate Versus Control (N

BOS
BOS
BOS

BOS
BOS
BOS

BOS
BOS
BOS

SPI
PI-S
SPI

SPI
PI-S
SPI

SPI
PI-S
SPI

BOS
BOS
BOS

BOS
BOS
BOS

BOS
BOS
BOS

P-S
P-S
PI-S

Covariate
P-S
P-S
PI-S

Covariate
P-S
P-S
PI-S

0
1

-1

Ages
= 71)
.609
.916
.307

: Log Dust
-0
-0
0

.066

.436S1

.3701T

: Log Soil
0
0
-0

.030

.163

.132

Age Group1 .2

9-17 Months 18-41 Months 42+ Months
(N = ll) (N=44) (N = 16)

NC
NC
NC

Lead Concentration3

NC
NC
NC

Lead Concentration4

NC
NC
NC

1.672
1
0.

-0.
-0.
0.

0.
0.

-0.

326
346

169
574s2

405SI

003
370M

367M

NC
NC
NC

NC
NC
NC

NC
NC
NC

'Units are log jig/dL Pb in blood.
2Age is age in months at time of Round 1 blood sample.
3Uniu are pg/dL Pb in blood per unit logarithm difference in dust lead concentration. Equivalent to decimal
percent change (see Equation 5-20).

4Uniu are pg/dL Pb in blood per unit logarithm difference in soil lead concentration. Equivalent to decimal
percent change (see Equation 5-20).

Additional analyses using SEM to further evaluate the changing patterns in the soil lead -
dust lead - blood lead pathways in different treatment groups seemed to be useful in
understandinf some of diese effects.

5.5.5 CtDdnnati Repeated Measures Analysis of Covariance (ANCOVA)
The repeated measures analyses for Cincinnati were directed towards assessing the role

of longitudinal group differences associated with different dust indices. The basic Cincinnati
model was run with each of the togarithms of floor dust concentration and loading, entry dust
concentration and loading, window dust concentration and loading. The results are shown in
Table 5-27.
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TABLE 5-25. REPEATED MEASURES ANALYSIS OF COVARIANCE FOR
BOSTON STUDY: EFFECT OF AGE AND LOG DUST LEAD LOADING ON

REDUCTION IN LOG BLOOD LEAD (EJ BETWEEN
ROUNDS 3 AND 4 FOR AFRO-AMERICAN CHILDREN

Age Group1 2

Study Group
Abate Versus Control

BOS SPI
BOS PI-S
BOS SPI

BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

BOS P-S
BOS P-S
BOS PI-S

All Ages
(N=64)

0.324
-0.721
-1.045

Covariate: Log
-0.042
0.316M

0.357M

9-17 Months 18-41 Months 42 + Months
(N = 8) (N=40) (N = 16)

NC
NC
NC

Dust Lead Loading
NC
NC
NC

-0.683
-2.045s1

-1.362M

0.214
0.692s1

0.478IT

0.961
-3.000"
-3.961M

-0.128M

0.941M

1.0691T

'Units are log /ig/dL Pb in blood.
2Age is age in months at time of Round 1 blood sample.
'Units are reduction of natural logahthm ng/AL Pb in blood per unit logahthm difference in dust lead
concentration. Equivalent to decimal percent change (see Equation 5-20).

TABLE 5-26. REPEATED MEASURES ANALYSIS OF COVARIANCE FOR
BOSTON STUDY: EFFECT OF AGE AND LOG DUST LEAD CONCENTRATION

ON REDUCTION IN LOG BLOOD LEAD (E,) BETWEEN
ROUNDS 3 AND 4 FOR AFRO-AMERICAN CHILDREN

Study Group All
Abate Versus Control (N

BOS
BOS
BOS

BOS
BOS
BOS

SPI
PI-S
SPI

sn
PI-S
SPI

BOS
BOS
BOS

BOS
BOS
BOS

P-S
P-S
PI-S

Covariate
P-S
P-S
PI-S

0
-3
-4

Ages
= 64)
.642
.629"
.271"

: Log Dust
-0
0
0

.050

.5881T

.639"

Age
9-17 Months

(N = 8)
NC
NC
NC

Group1 .2

18-41 Months
(N=40)

0.340
-5.575s1

-5.915"

42+ Months
(N = 16)

0.150
6.7%
6.646

Lead Concentration3

NC
NC
NC

-0.
0.
0.

034
863S1

897SI

0
-0.
-0.

063
886
949

1 Units are log pg/dL Pb in blood.
2 Age is age in months at time of Round 1 blood sample.
'Units are reductioo of natural logahthm ng/dL Pb in blood per unit logahthm difference in dust lead
concentration. Equivalent to decimal percent change (see Equation 5-20).
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TABLE 5-27. REPEATED MEASURES ANALYSIS OF COVARIANCE
FOR CINCINNATI STUDY: REDUCTION IN BLOOD LEAD (E,)

BETWEEN ROUNDS 1 AND 4

Study Group

Log
Floor Dust

Concentration

Log
Entry Dust

Concentration
Abate Versus Control

CIN
CIN
CIN
CIN
CIN

NT(G)
SEI (P)
SEI (P)
SEI (P)
SEI (P)

CIN
CIN
CIN
CIN
CIN

NT(M)
NT(G)
NT(M)
I-SE(D)
I-SE(F)

0.539
0.429
0.969
0.949
0.416

2.208
-0.467
1.741
-0.283
-0.593

Log
Window Dust
Concentration

Intercept Effect'
-3.362'r

0.078
-3.284M

-1.494
-0.130

Log
Floor

Dust Pb
Loading

1.605*
-0.188
1.417M

0.355
-0.701

Log
Entry

Dust Pb
Loading

1.41751

-0.7551T

0.662
-1.09511

-0.528

Log
Window
Dust Pb
Loading

-0.200
-0.775M

-0.975
-1.846s1

-0.337
Covanate Effecr

CIN
CIN
CIN
CIN
CIN

NT(G)
SEI (P)
SEI (P)
SEI (P)
SEI (P)

CIN
CIN
CIN
CIN
CIN

NT(M)
NT(G)
NT(M)
I-SE<D)
I-SE(F)

0.015
-0.134
-0.118
-0.189
-0.092

-0
0.
-0
-0
0.

.244
010
.234
.001
067

0.540s1

-0.055
0.4861T

0.187
0.006

-0.277
-0.028
-0.305
-0.100
0.112

-0.134
0.077
-0.057
0.1 38M

0.060

0.102
0.055
0.158

0.195s'
0.032

'Units are log Mg/dJ. Pb in blood.
2Units are reduction of natural logarithm pgJdL Pb in blood per unit logarithm difference in dust lead
concentration. Equivalent to decimal percent change (see Equation 5-20).

There was no indication of any strong change in the response of log blood lead to floor
dust or entry dust during the study. There was, however, an indication that the relationship
of blood lead to window dust changed between some of the neighborhoods during Phase 1 of
the study. Table 5-27 shows a statistically significant difference in change in log window
dust concentration regression coefficients between CIN NT(G) and CIN NT(M) (P =
0.0496) and a nearly significant difference between CIN SEI(P) and CIN NT(M) (P = 0.08).
while there was almost no difference in the longitudinal change between CIN SEI(P) and
CIN NT«&Mpa»es to window dust lead (P = 0.9S). This suggests that CIN NT(M) was
a neighbocfeM* fa which some wN!*"*™1 external change occurred that was manifested as a
difference in the response to window dust. There was also a significant effect in covariate
response for window dust lead loading in CIN SEI(P) vs CIN I-SE<D) (P * 0.025), which
was not nMnifoited as strongly as a change in response to window dust lead concentration;
perhaps changes in window dust io*<«««g* were an important factor. The window dust
covariate effects that were significant and positive were associated with negative changes in
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the intercept for the window dust lead concentration model, P = 0.095 for CIN NT(G) vs
CIN NT(M) and P = 0.11 for CIN SEI(P) vs CIN NT(M), and in the intercept for the
window dust lead loading model, P = 0.014 for CIN SEI(P) vs. CIN I-SE(D).

There were some significant differences in the intercept model where the log entry dust
lead loading was used as a covariate, between CIN NT(G) and CIN NT(M) (P = 0.0494).
CIN SEI(P) and CIN NT(G) (P = 0.08), and between CIN SEI(P) and CIN I-SE(D)
(P = 0.06). The only covariate response change of even marginal significance was for CIN
SEI(P) vs CIN I-SE(D) (? = 0.11). The lack of any significant effects of any sort when log
of entry dust concentration was used as a covariate suggests that changes in entry dust
loading may have occured in several of these neighborhoods.

These analyses suggested that changes in response to window dust lead may have
played a role in blood leads among the Cincinnati neighborhoods. A more detailed
evaluation of some dust lead pathway models using LSEM showed some modest indications
of changes in the pathway components from window dust to floor dust.

5.5.6 Baltimore Repeated Measures Analysis of Covariance (ANCOVA)
We have not carried out either repeated measures ANCOVA models or structural

equation models for the Baltimore study because of the limited environmental data in the
Baltimore study. The results of the Boston and Cincinnati studies have shown that there can
be substantial changes in dust lead concentrations from one round to another, both in abateo
and non-abated residences. Since there are strong and statistically significant relationships
between blood lead and current dust lead measurements in all rounds in the Cincinnati study
and in all rounds after Round 1 in Boston, it appears necessary to have dust lead
measuremeats dot reasonably characterize each round of blood lead measurements.
However, the Baltimore study did not collect any post-abatement dust lead measurements for
non-atMled residences, nor long-term post-abatement dust lead measurements in abated
residences. The often large intervals between pre-abatement dust lead measurements and
Round 3 blood lead measurements may not even provide adequate information about baseline
exposures. While soil lead concentrations in non-abated residences appear to change very
slowly over time, some post-abatement soil lead concentrations may increase because of
recontamination, and additional post-abatement soil lead data in both abated and non-abated
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residences would have been desirable. In earlier drafts of this report, EPA evaluated
several models in which the dust lead and soil lead post-abatement data that were not
available were imputed by assuming that the post-abatement environmental measurements
were equal to die pre-abatement measurements. Based on these earlier assessments and on
reviewer comments, we conclude that this approach does not provide adequate information
about actual post-abatement environmental exposures. Therefore, we were unable to use
these data for time-varying covahate adjustment models for the Baltimore study. Repeated
measures ANOVA models were stratified for time-constant covariates such as age and
gender, and our conclusions are based on these analyses.

5.6 COMPARISON USING LONGITUDINAL STRUCTURAL
EQUATION MODELS

5.6.1 Boston Study Longitudinal Structural Equation Models
Recall from Section 5.1.1.2 that the equations for the longitudinal structural equation

model are

* Z,Fp «• Y^.A, «• e,, (5-18)

X, = Cgr * ZaDir * Z, r . ,Kgr * W...L,, * d* (5-19)

and that the model adjusts for the simultaneous fining of multiple relationships. In a scheme
of thirty-two models run by the SAS PROC MIXED procedure, shown on Table 5-28, each
model was run with a component of the structural equation, either a common intercept term
(Ggj or Cp) or a pathway regression coefficient (Fu, Bu, LV, or Dgi), for Round 3 blood
lead or Rnv0 3 dost lead. In some cases, these coefficients were separated into three
intercept turn* or three regression coefficients, one for each of the three treatment groups
BOS SPI, BOS PI-S, or BOS P-S. The best-fitting of the 32 models, were models 1, 2, 10,
11, 17, and 30, and these were used for the reported output in Tables 5-29 through 5-30.
The longitudinal structural equation models allow effects adjusted for changes in both
concentration (X,r in Group g at Round r) and regression coefficients,
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TABLE 5-Z8. MODELS FOR TREATMENT
LONGITUDINAL STRUCTURAL

MODEL
NUMBER

1
:
3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

BLOOD LEAD
INTERCEPT

G
G
G

G

G

G

G

G

G

G

G

G

G

G

G

G

Gp-s
GSPI. Gpi-j.

GP.S
GSP,̂ <W

GM

Op./*'
^(W

GSPI. GpM.

SOIL-BLOOD
COEFFICIENT

F
FSPI- FPI-S- Fp-s
FSPI- FPI.S, Fp.s

FSPI- FPI.S- FP.s'

FSPI- FPI-S. Fp.j

FSPI- Fpi-s- FP^

F F FSPI- PI-S- P

FSPI- FPI-S. FP-S

FSPI- PPI-S. FP.S
F

F

F

F

F

F

F

F

P P PrSPT' rP!-S' rP-S

FSPI- FPI-S- FP>S

FSP!> FPI-S> FP-S

PSPI- FPM. FP4

FSPI- FPl-S> FP-S

FSPI> FPI-S> FP-S

GROUP EFFECTS CM
EQUATION MODELS

DUST-BLOOD SOIL-DUST
COEFFICIENT MODEL

B
B

BSPI- BPI.S

BSPI- BPI_S,

BSPI. BPI-S'

BSPI- Bp,,,

B

B

B

BSPI- BPI.S.

BSPI- BPJ.S,

BSPI. BP..S.

BSPI- BPI-S,

B

B

B

B

B

BSPI. BPJ.S,

BSPI. Bpi^.

BSPI. Bpi^,

BSPI. Bpi^,

B

C. D
C. D

Bp^ C. D
D CSP1, CP,.S, CP^

DSP1, Dp,^, DP^
B^ CSPI, Cp,^. CP^

DSPI- Dp,,s, DP^

Bp^ C, D

CSPI- CPI.S, CP^
DSPI- Dp,^, DP^

DSP!: S^: fe
C, D

Bp.s C, D
C f f- sw> *-PI-S. *-P-S
DSPI- Dpw. D?^

^ CSH, Cp,^. CP ,5
DSPI- Dp! ,̂ DP^

Bp.s C, D

DSM! Sj Dpi
C f r*SPI- LPI-S- *-P-S
DSPI. Dp,^, DP^

C. D

C. D

C. D

BP* C, D

CSPI. CPI^. Cp^
"* Djpi, DpM. Dp^

_ Cjpi, Cpi^, CP^
"* DSPI, DPI.S. Dp^

Bp^ C. D

CSPI- CPU. Cp^
DSPI. DPM, DM

BOSTON

WINDOW-DUST
MODEL

C. L
C. L
C. L

C, L

CSPI- CPJ.S, Cp.s
LSPI- Lpi-s- LP-S
^-SPI- ^PI-S1 ^-P-S
I-SPI- LPI-S- LPS

C, L

C C C"-SPI- '-PI-S- ^-P-S

f* C* P^-SPI- '-PI-S' '-P-S
LSPI> Lpi^, Lp.s

C, L

C, L

CSPI- CP..S. CP^
LSPI- LPi-s- LP-S
CSPI- CPI^, CP.S
LSPI- Lpi-s- LPS

C. L

CSPI- Cpi^, CP
LSPI- Lpi-s- LP-i-^

C f f
SPI- LPI-S' *-P-S

C. L

C, L

C, L

C, L

%:5;: LP
P:

CSPI. cn-s> c?-s
^PI• LPI-S. ^-P-S

C, L
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TABLE 5-28 (coot'd). MODELS FOR TREATMENT GROUP EFFECTS IN BOSTON
LONGITUDINAL STRUCTURAL EQUATION MODELS

MODEL BLOOD LEAD SOIL-BLOOD DUST-BLOOD SOIL-DUST WINDOW-DUST
NUMBER INTERCEPT COEFFICIENT COEFFICIENT MODEL MODEL

24

25

26

27

28

29

30

31

32

GSPI- GPI.S, GP.s FSP|, Fp,^. FP.s

GSPI. Gp.-j . Gp.s FSPI, Fp,^, Fpy

GSPI- GPI.S. Gp_s F B

GSPI- GPI.S, GP_s F B

GSPI- GPI.S. Gp_s F B

GSPI- GP1^, GP^ F B

GSPI- GP1^. Gp_s F

GSPI- GPI.S, Gp.$ F

GSPI- Gp,^, GP^ F

B CSP1, CP,.S, CP^ CSP1, Cn^,
DSPI- DPI-S. °P^ LSPI. LPI-S.

B C, D CSPI> CPI'SI

D_ Q_ f* r\ f* fjpj, Opj^i **p^ C, JJ L, L

SPI- BPI-S- BP-S CsPI' C""S> Cp"S C, L
C c* r* r* r*n_ K- SPI- LPI-S- ^f-5 *-SPI. ^-PI-S-SPI- "PUS- °P-S n n n_ i rUSPI. UPI-S- LT-S "-SPI- LPI-S-

SPI. Bp,^. Bp,s C, D CSP" Cpl^'
^-SPI- LPI-S'

C C Ca ^-SPI' "-Pl-S" ^-P-S c I
B Dm. D«. Dp^ C' L

g CSPI. Cpi^, Cp_s CSP,, Cpj^,
DSPI> Dpjj, Dp,s LSP,, Lp,^,

B C, D ^*SPI' ^PI"S'
LSPI. Lpi^,

LP^S

&

LP'S
CP-S
LP^

^

£

TABLE 5-29. LONGITUDINAL STRUCTURAL EQUATION MODELS
MODEL ASSESSMENT STATISTICS IN BOSTON STUDY

USING ESTIMATED BLOOD LEAD PERSISTENCE FACTOR
MODEL ASSESSMENT STATISTICS

Response Variable

Log Blood Lead RD3

Log Blood Leal RD1
Log Dust La* Coat. RD3
Log Dust LMf CMC. RD1
All

SjtfilTK

RMSE

RMSE
RMSE
RMSE
N-OBJ

MODEL
1

0.30089

0.37416

0.62147

0.79374

42.75

MODEL
2

0.30049

0.36512

0.62081

0.79092

41.86

MODEL
10

0.29796

0.33282

0.60797

0.78507

12.43

MODEL
11

0.29797

0.33284

0.62998

0.78513

10.95

MODEL
17

0.29696

0.38106

0.61399

0.78683

43.45

'RMSE - Root mean squared error.
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TABLE 5-30. LONGITUDINAL STRUCTURAL EQUATION MODELS FOR
BOSTON STUDY: REGRESSION COEFFICIENTS

USING ESTIMATED BLOOD LEAD PERSISTENCE FACTOR
Predictor
Variable

MODEL MODEL MODEL MODEL
1 2 10 11

MODEL
1?

RESPONSE VARIABLE BLOOD LEAD ROUND 3
ALL GROUPS
BOS SPI

Intercept
BOS PI-S
BOS P-S
ALL GROUPS

Sod *> , BOS SPI
Round 32

BOS PI-S
BOS P-S

ALL GROUPS
Dust Pb BOS SPI
Cone.
Round 32 Eos PI'S

BOS P-S

Blood Lead Round I3

1.96 2.04 2.42 242

0.719 0.032 0.032
0.511
0.680
0.817

. -0.318 0.302
0.182 0.180
1.275 1.274
1.343 1.342

0.60881T 0.6060" 0.5890 0.5890

1.95
3 28
4.41

0043

0.429

0.5931

RESPONSE VARIABLE: BLOOD LEAD ROUND 1
Intercept1

SoU Pb Round I2

Dust Pb Round I2

10.75s* 11.11s4 11.21s* 11.22s*
-0.291M -0.293M 0.151 0.149
0.524s1 0.449s1 0.038 0.038

10.63s4

-0.316M

0.574S1

RESPONSE VARIABLE: FLOOR DUST LEAD CONCENTRATION ROUN

Intercept4

SoU Pb Round I5

Window Dust Pb Round I5

ALL GROUPS
Intewpr* BOS SPI

BOS PI-S
BOS P-S

1

1826s* 1736s* 1408s2 1414s2

-0.204M -0.174M -0.073 -0.074

0.0684s* 0.0693s* 0.0714s* 0.0716s*

RESPONSE VARIABLE: FLOOR DUST LEAD
CONCENTRATION ROUND 3

' 791s* 808s* 675s*
849s*
358
130

"™*^

1256s3

-0.010

0.0608s*

834s4
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TABLE 5-30 (coot'd). LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR BOSTON STUDY: REGRESSION COEFFICIENTS

USING ESTIMATED BLOOD LEAD PERSISTENCE FACTOR
REGRESSION COEFFICIENT

Predictor
Variable

Soil Pb
Cone.
Round 35

Window Dust
Round 35

ALL GROUPS
BOS SPI
BOS Pl-S
BOS P-S
Pb Cone.

MODEL
1

0.201s4

0.0111s2

MODEL
1

0.19834

0.0103s1

MODEL
10

0.198s3

0.0092s2

MODEL
11

-0.062
0.303
0.473

0.0074s'

MODEL
17

0 189s3

0.006711

'•Units are Mg'dL Pb in blood.
•Units are Mg'dL Pb in blood per 1000 >ig/g Pb in dust or soil.
3Units are Mg'dL Pb in blood at Round 3 per pg/dL Pb in blood at Round 1.
*Umts are Mg'g Pb in dust.
3Units are /*g/g Pb in floor dust per ng/g Pb in soil or window dust.

TABLE 5-31. LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR BOSTON STUDY: MODEL ASSESSMENT STATISTICS

USING FIXED BLOOD LEAD PERSISTENCE FACTOR
MODEL ASSESSMENT STATISTICS

Response
V arable
Log Blood Pb
Round 3
Log Blood Pb
Round 1
Log Dust Pb
Cone. Round 3
Log Dust Pb
Cone. Round 1
All

STATISTIC
RMSE

RMSE

RMSE

RMSE

N*OBJ

MODEL
1

0.2915

0.3392

0.6111

0.7918

17.57

MODEL
2

0.2945

0.3393

0.6110

0.7921

17.47

MODEL
10

0.3060

0.3413

0.6094

0.7898

16.47

MODEL
11

0.3102

0.3411

0.6412

0.7916

14.37

MODEL
17

0.3036

0.3400

0.6094

0.7894

16.34

MODEL
30

0.3120

0.3402

0.6283

0.7908

14.54

RMSE • Root i squared error.
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TABLE 5-32. LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR BOSTON STUDY: REGRESSION COEFFICIENTS
USING FIXED BLOOD LEAD PERSISTENCE FACTOR

REGRESSION

Predictor
Van able

MODEL
I

MODEL
1

MODEL
10

RESPONSE VARIABLE:

Intercept'1

Soil
Pb Round 3:

Floor Dust
Pb Cone.
Roung 32

ALL GROUPS
BOS SPI
BOS PI-S
BOS P-S

ALL GROUPS
BOS SPI
BOS PI-S
BOS P-S

ALL GROUPS
BOS SPI
BOS PI-S
BOS P-S

Blood Pb Round I3

1.37S1

0.4301T

0.795**

0.589

1.41S1

0.686
0.424M

0.4731T

0.736M

0.589

1.05M

-0.202

1.014M

2.101'7

2.278s1

0.589

RESPONSE VARIABLE:

Intercept1

Soil Pb Round I2

Dust Pb Round I2

12.74s4

-0.200
-0.029

12.75s4

-0.204
-0.030

12.70s4

-0.143
-0.063

COEFFICIENT
MODEL

11
MODEL

17
MODEL

30

BLOOD LEAD ROUND 3
1.27*

-0.419

0.820
2.569s1

2.407s1

0.589

0.24

1.80s'
2.10s'

-0.263

1.752S1

0.589

-003
2.51Sl

2.50s'

-0.512
~«.

1.931SI

0.589

BLOOD LEAD ROUND 1
12.51s4

-0.043
-0.066

12.66s4

-0.150
-0.050

12.55s4

-0.072
-0.055

RESPONSE VARIABLE: FLOOR DUST LEAD
CONCENTRATION ROUND 1

Intercept4

Soil Pb Round
Window Dust

I3

Pb Round I3

1701s*
-0.175M

0.067854

1721s4

-0.180**
0.0678s4 .

1513s4

-0.130
0.0683s*

1647s4

-0.172"
0.0737s*

1521s4

-0.125
0.0667s4

1695s4

-0.170M

0.0701s4
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TABLE 5-32 (coot'd). LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR BOSTON STUDY: REGRESSION COEFFICIENTS
USING FIXED BLOOD LEAD PERSISTENCE FACTOR

REGRESSION COEFFICIENT
Predictor
Van able

MODEL MODEL MODEL
i : 10

RESPONSE VARIABLE:

MODEL MODEL
11 17

FLOOR DUST LEAD

MODEL
30

CONCENTRATION ROUND 3

Intercept4

Soil Pb

Round 35

ALL
GROUPS
BOS SPI
BOS PI-S
BOS P-S

ALL
GROUPS
BOS SPI
BOS PI-S
BOS P-S

Window Dust Pb
Cone Round 33

705s4 707s4 713s4

0.222s4 0.221s4 0.209s4

• '

0.0095s2 0.0094s: 0.0091s2

7PS4

788s4

109
744

0.214s4

0.192
0.392
0.242

0.0082s1 0.0083s1

-87S4

367
-185

0.197
0.294
0.347

0.0076S1

'Units are <ig/dL Pb in blood.
:Units are ng/dL Pb in blood per 1000 ng/g Pb in dust or soil.
3Umu are jig/dL Pb in blood at Round 3 per ng/dL Pb in blood at Round 1.
4Units are n%lg Pb in dust.
'Units are M§ g Pb in floor dust per /tg/g Pb in soil or window dust

TABLE 5-33. LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR BOSTON STUDY: MODEL ASSESSMENT STATISTICS

USING FIXED BLOOD LEAD PERSISTENCE FACTOR FOR MALES
MODEL ASSESSMENT

Response Varutok
Log
Log
Log
Log
All

Blood
Blood

FtlMd
Pbftnad

Dust Pb One.
Dust Lead Cone

13
1 1
Round 3
. Round 1

Statistic
RMSE
RMSE
RMSE
RMSE
N*OBJ

MODEL
I

0.26227
0.37303
0.62102
0.77072
19.09

MODEL

0.
0.
0.
0.

2

.26907

.37510
61741

76918
19.20

MODEL
10

0.28664
0.37003
0.61503
0.77163
19.08

MODEL
11

0.26284
0.35280
0.61901
0.78928
13.28

STATISTICS
MODEL

17

0.27831
0.37329
0.61665
0.76631
19.05

MODEL
30

0.264 P
0.35432
0.61574
0.78474

12.89

'Units are reduction of pg/dL Pb in Mood per reduction of 1000 pg/g Pb in soil.
2 Age is age in months at time of Round 1 blood sample.
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TABLE 5-34. LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR BOSTON STUDY: REGRESSION COEFFICIENTS

USING FIXED BLOOD LEAD PERSISTENCE FACTOR FOR MALES
REGRESSION COEFFICIENT

Predictor
Variable

MODEL
I

MODEL
2

MODEL
10

MODEL
11

RESPONSE VARIABLE: BLOOD LEAD

Intercept1

Soil Pb
Round 3:

Floor Dust
Pb Cone.
Round 31

ALL

BOS
BOS
BOS
ALL
BOS
BOS
BOS
ALL
BOS
BOS
BOS

GROUPS

SPI
PI-S
P-S
GROUPS
SPI
PI-S
P-S
GROUPS
SPI
PI-S
P-S

Blood Pb Round I3

2.20s3

1.007s4

0.350

0.589

1.99s2

0.757

1.193s4

0.858s1

0.509

0589

1.58IT

0.607

1.008M

1.476
1.536M

0.589

2.37s2

0.055

0.340
1.401
0.945
0.589

RESPONSE VARIABLE: BLOOD LEAD

Intercept1

Soil Pb Round I2

Dust Pb Round 1:

14.46*
-0.786s2

0.016

14.56s3

-0.850s2

0.054

RESPONSE VARIABLE

Intercept*
Sod Pb Round I5

Window Dust Pb Round I1

1416s4

-0.141

0.0750s4

1458s*
-0.150

0.0750s*

14.21s*
-0.735s'
0.034

12.64s*
-0.244

0.115

MODEL
17

ROUND 3

1.37*

2.63S1

2.01M

0.505

1.185M

0.589
ROUND 1
14.39s*
-0.812s2

0.054

MODEL
30

1.74IT

3.35"

:.88SI

-0.050

0.871

0.589

12.64s4

-0.283
0.137

FLOOR DUST LEAD CONCENTRATION
ROUND 1

1315s*
-0.115

0.0764s*

541 IT

0.276s1

0.0510s*

1410s*
-0.125

0.0739s*

582s '
0.270s1

0.0514s*

RESPONSE VARIABLE: FLOOR DUST LEAD
CONCENTRATION ROUND 3

Intercept4

ALL
BOS
BOS
BOS

GROUPS
SP!
PI-S
P-S

895s4 890s* 881s*
761s*
729si

-292

892s*
787s4

6961T

-323
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TABLE 5-34 (cont'd). LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR BOSTON STUDY: REGRESSION COEFFICIENTS

USING FIXED BLOOD LEAD PERSISTENCE FACTOR FOR MALES
REGRESSION COEFFICIENT

Predictor
Variable
Soil Pb
Cone.
Round 3J

Window
Round 33

ALL GROUPS
BOS SPI
BOS PI-S
BOS P-S

Dust Pb Cone.

MODEL
1

0.223s*

-0.0021

MODEL
2

0.235s4

-0.0017

MODEL
10

0.232s4

-0.0012

MODEL
11

0.237
0.018

0.918s'

0.0076s1

MODEL
17

0.247s*

-0.0015

MODEL
30

0.217
0.046

0.930s1

00068s'

'Units are Mg/dL Pb in blood.
:Umu are ngJdL Pb in blood per 1000 ng/g Pb in dust or soil.
3 Units are Mg/dL Pb in blood at Round 3 per pg/dL Pb in blood at Round 1
*Uoits are Mg/g Pb in dust.
}Units are Mg g Pb in floor dust per ng/g Pb io soil or window dust.

TABLE 5-35. LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR BOSTON STUDY: MODEL ASSESSMENT STATISTICS USING

FIXED BLOOD LEAD PERSISTENCE FACTOR FOR FEMALES
MODEL ASSESSMENT STATISTICS

Response Variable STATISTIC
MODEL MODEL MODEL MODEL MODEL MODEL

1 2 10 11 17 30

Log Blood Pb Round 3
Log Blood Pb Round 1
Log Dust Pb Cone. Round 3
Log Dun Pb Cone. Round 1
All

RMSE1 0.31964 0.33652 0.31968 0.31755 0.35483 0.31914
RMSE 0.34553 0.33859 0.32730 0.38193 0.32931 0.39155
RMSE 0.70085 0.69726 0.69855 0.69354 0.69200 0.69940
RMSE 0.89148 0.87654 0.85724 0.86649 0.85785 0.86949
N*OBJ 13.15 12.71 11.77 10.87 12.15 11.15

'RMSE * Root ••• squared error.
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TABLE 5-36. LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR BOSTON STUDY: REGRESSION COEFFICIENTS

USING FIXED BLOOD LEAD PERSISTENCE FACTOR FOR FEMALES
REGRESSION

Predictor
Variable

MODEL
1

MODEL
-»

MODEL
10

RESPONSE VARIABLE;

Intercept1

Soil Pb
Round 32

Floor Dust
Pb Cone.
Round 32

ALL
BOS
BOS
BOS
ALL
BOS
BOS
BOS
ALL
BOS
BOS
BOS

GROUPS
SPI
PI-S
P-S
GROUPS
SP!
Pl-S
P-S
GROUPS
SPI
PI-S
P-S

Blood Pb Round I3

1.15M

0.416M

.
1.063S1

0.589

1.87S1

-2.598
0.288
0.505M

0.677

0.589

1.421T

0.090

0.370
1.2821T

1.668s1

0.589
RESPONSE VARIABLE:

Intercept1

Soil Pb Round I2

Dust Pb Round I2

10.08s4

-0.005
0.392*

10.21s4

0.029
0.329**

RESPONSE VARIABLE

10.99s4

-0.062
0.197

: FLOOR

COEFFICIENT
MODEL

11
BLOOD LEAD

0.14

0.080

1.477s'

2.182"
2.333s2

0.589
BLOOD LEAD

8.44s4

0.394
0.6291T

MODEL
17

ROUND 3

1.84M

2 75S1

3.97s3

0.2^6

0.070

0-.589
ROUND 1
10.77s4

-0.049
0.229

MODEL
30

-o :i
0 64
0 "
0.087

1.867"

0 589

8.26sa

0.400
0 693S:

DUST LEAD CONCENTRATION -
ROUND 1

Intercepr4

Soil Pb Round
Window Dust
Round I1

I3

Pb

2353s4

-0.27711

0.0511s2

2100s4

-0.238M

0.0547s3

RESPONSE VARIABLE

1689s3

-0.180**

0.0647s4

: FLOOR

1827s3

-0.203**
1694s3

-0.178

0.0566s3 0.0629s4

1875s3

-0.206M

0.0541s3

DUST LEAD CONCENTRATION
ROUND 3

Intercept4
ALL
BOS
BOS
BOS

GROUPS
SPt
PI-S
P-S

1103s* 1111s4 1164s4

345
1557
959

1107s*
299
1534
1004
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TABLE 5-36 (coot'd). LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR BOSTON STUDY: REGRESSION COEFFICIENTS USING
FIXED BLOOD LEAD PERSISTENCE FACTOR FOR FEMALES

Predictor
Variable

Soil Pb
Cone.
Round 33

Window Dust
Cone. Round

ALL
GROUPS
BOS SPI

BOS PI-S

BOS P-S

Pb
35

REGRESSION
MODEL MODEL MODEL

1 2 10

0.179s2 0.168s1 0.146s'

0.0010 0.0013 0.0020

COEFFICIENT
MODEL MODEL

11 17

0.162s1

3.636"

0.064

0.075

0.0073 0.0022

MODEL
30 UNITS

4.003M

0.077

0.065

0.0065

•Units are ng/dL Pb in blood.
:Units are ng.dL Pb in blood per 1000 ng/g Pb in dust or soil.
3Units are ^g/dL Pb in blood at Round 3 per j»g/dL Pb in blood at Round 1.
*Umts are ngig Pb & dust.
'Units are ng/g Pb in floor dust per ng/g Pb in soil or window dust.

TABLE 5-37. LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR BOSTON STUDY: MODEL ASSESSMENT STATISTICS

USING FIXED BLOOD LEAD PERSISTENCE FACTOR FOR AGES 18-41 MONTHS

Response
Van able
Log Blood
Pb Round 3

Log Blood
Pb Round 1

Log Dust P*
Cone.
Round 3
Log Dust Pb
Cone.
Round 1
All

Statistic

RMSE1

RMSE

RMSE

RMSE
N*OBJ

MODEL
1

0.29243

0.33790

0.62463

0.80410
20.86

MODEL
MODEL

2

0.30647

0.33689

0.62430

0.80655
21.07

ASSESSMENT STATISTICS
MODEL

10

0.32785

0.33729

0.62544

0.80448
18.73

MODEL
11

0.40901

0.34131

0.63384

0.80124
16.98

MODEL
17

0.31414

0.33631

0.62604

0.80346
18.74

MODEL
30 UNITS

0.34253

0.33827

0.63126

0.80124
17.22

'RMSE - Root mean squared error.
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TABLE 5-38. LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR BOSTON STUDY: REGRESSION COEFFICIENTS USING

FCCED BLOOD LEAD PERSISTENCE FACTOR FOR AGES 18-41 MONTHS
REGRESSION COEFFICIENT

Predictor
Variable

MODEL
1

MODEL
2

MODEL
10

MODEL
11

RESPONSE VARIABLE: BLOOD

ALL
GROUPS

Intercept1

Soil Pb
Round 32

Floor Dust
Pb
Cone.
Round 32

BOS
BOS
BOS

SPI
PI-S
P-S

ALL
GROUPS
BOS SPI
BOS
BOS

PI-S
P-S

ALL
GROUPS
BOS SPI
BOS PI-S
BOSP-S

Blood Pb Round 13

2.01"

0.261

0.772

0.589

1.76S1

1.597
0.337

0.183

0.850

0.589

1.441T

-0.574

1.020
2. 826s '
2.975s'
0.589

0.51

-1.337s1

1.903M

5.378s2

5.435s2

0.589

RESPONSE VARIABLE: BLOOD
Intercept1

SoU Pb Round I2

Dust Pb Round I2

Intercepc*
SoU Pb Round I3

Window Dt
Round I5

•tPb

ALL
GROUPS

Intercept4 BOS
BOS
BOS

SPI
PI-S
P-S

12.42s4

0.005
•0.068

RESPONSE
1834s*
-0.152

0.0543s*

RESPONSE

593s*

12.18s*
-0.047
0.013

VARIABLE
1910s*

-0.178M

0.0553s*

VARIABLE

581s*

12.21s*
0.056
-0.064

: FLOOR
1520s*
-0.094

0.0556s*

: FLOOR

628s*

12.90s*
-0.105
-0.131

DUST LEAD
1446s*
-0.027

0.0472s*

DUST LEAD

580s*
684
236

MODEL
17

MODEL
30 UNITS

LEAD ROUND 3

0.47

2.68s2

3.02s2

-0.592

2.0271T

0.589

-0.38
2.92SI

3.13S1

-1.0031T

2.800s1

0.589

LEAD ROUND 1
12.00s*
0.061
-0.018

12.55s*
-0.052
-0.068

CONCENTRATION ROUND I
1536s*
-0.087

0.0531s*

1522s*
-0.042

0.0462s*

CONCENTRATION ROUND 3

615s*

589s*
708
206
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TABLE 5-38 (coot'd). LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR BOSTON STUDY: REGRESSION COEFFICIENTS USING

FIXED BLOOD LEAD PERSISTENCE FACTOR FOR AGES 18-41 MONTHS
REGRESSION COEFFICIENT

Predictor
Variable

ALL
5011 Pb GROUPS
Cone.
Round 35 BOSSPI

BOS PI-S
BOS P-S

Window Dust Pb
Cone. Round 33

MODEL MODEL
1 2

0.250s4 0.250s4

0.0080s2 0.0082s7

MODEL MODEL
10 11

0244s4

0.626s2

0.144
0.354

0.0069s' 0.0082s3

MODEL
17

0.251s4

0.0067s1

MODEL
30 UNITS

0.533s'
0.143
0.406

0.0078s2

'Units arc Mg'dL Pb in blood.
2Umts arc Mg/dL Pb in blood per 1000 ng/g Pb in dust or soil.
3Umts are Mg/dL Pb in blood at Round 3 per ng/dL Pb in blood at Round 1.
4Units are Mg-'g Pb in dust.
5Units are Mg'g Pb in floor dust per ng/g Pb in soil or window dust.

(5-23)

Model 1 has a single common coefficient for all groups for each pathway coefficient or
intercept in the basic model configuration. Model 2 has the same configuration, but instead
of a common coefficient for Round 3 blood lead regression on Round 3 soil lead, there are
different coefficients in each of the three treatment groups. Otherwise, all parameters are the
same in both models. However, when the parameters of the models are estimated from the
data, the estimates of the parameters may be different in different models, since parameters
cannot be ••̂ t"****̂  independently of the other parameters. Likewise, Model 10 differs from
Model 1 ia fktf the Round 3 blood lead vs dust lead coefficients may be different in different
groups. In Model 17, all of the pathway regression coefficients are common among
treatment groups, but the effects of the interventions are characterized by different intercepts
for blood lead in each treatment group Round 3. Common parameter values in Tables 5-30,
5-32, 5-J4, 5-36, and 5-38 are entered as "all" in the parameter cell, whereas the "all" cell
is left empty and the treatment group cells are filled in in the models in which separate group
parameters are estimated.
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The two-equation blood lead and dust lead model for Round 1 was also used for
Round 3, and there was an additional component for persistence of a fraction of Round 1
blood lead extending to Round 3 Abatement effects at Round 3 were modelled by
separating a single pathway regression coefficient or intercept (group mean) into three
separate coefficients, one for each of the treatment groups BOS SPI, BOS PI-S, and BOS
P-S. The effect of abatement could then be assessed as a difference among these separate
coefficients. All possible combinations of abatement effects could be modelled by one of
32 possible models. Detailed analyses found that only five or at most six of the models gave
good results, as assessed by small root mean squared errors (RMSE) for log blood lead and
log dust lead in both Round 1 and Round 3. These are shown in Table 5-29. Models with ;.,
larger number of free (estimatable) parameters gave smaller overall objective functions across
all four state variables. However, assessment of RMSE for the four variables found small
differences, at most.

Model 1 did well in all of the analyses. This is the simplest model, assuming that there

were no differences in any pathway coefficients or intercepts in any treatment group, and
therefore any differences in blood lead or dust lead by Round 3 can only be attributed to
differences in soil lead and window dust lead concentrations. In Model 2, this hypothesis is
extended to include different regression coefficients in BOS SPI, BOS PI-S, and BOS P-S
However, the Round 3 blood lead versus soil lead regression coefficients shown in
Table 5-29 for these groups are 0.517. 0.680, and 0 817 ^g/dL per 1000 /xg/g lead in soil
respectively, compared to 0.719 in Model 1 for all groups combined, none of which are
statistically significant or different from each other Furthermore, as shown in Table 5-29.
the overall assessment statistic N * objective is 41.86 in Model 2, only slightly smaller than
42.75 in Model 1, and the RMSE are only slight smaller for Round 3 log blood lead (0.3005
in Model 2 versus 0.3009 in Model 1), for Round 1 log blood lead (0.3651 for Model 2
versus 0.3742 for Model 1), for Round 3 log dust lead (0.6208 in Model 2 versus 0.6215 in
Model 1), and for Round 1 log dust lead (0.7909 for Model 2 versus 0.7937 for Model 1)

Models 10 and 11, which allow for different regression coefficients for Round 3 blood
lead versus dust lead regression coefficients, showed the best fit for at least three of the four
state variables in Table 5-29. RMSE for Round 3 log blood lead was 0.2980 in Models 10
and 11, compared to 0.3009 for Model 1. RMSE for Round 1 log blood lead was 0.3328
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for Models 10 and 11, compared to 0.3742 for Model 1. MSE for Round 3 log dust lead
was 0.6080 for Model 10, somewhat better than 0 6215 for Model 1, and RMSE for Model
11 was 0.6300 which was somewhat worse than Model I RMSE for Round 1 log dust lead
was 0 7851 for both Models 10 and 11, lower than 0.7937 for Model 1. In Table 5-30. the
Round 3 blood lead versus dust lead regression coefficients for Models 10 and 11 were
0.18 jig/dL per 1000 Mg/g dust lead for BOS SPI, 1.27 Mg/dL per 1000 /ig/g for BOS PI-S,
and 1.34 ̂ ig/dL per 1000 jzg/g for BOS P-S, which were not statistically significant and were
not significantly different from each other nor from Model 1. In Model 11, the Round 3
dust lead versus soil lead regression coefficients were allowed to vary by treatment group
also. As shown in Table 5-30, the Round 3 dust lead versus soil lead coefficients were
-0.06 Mg/g dust lead per /zg/g soil lead in BOS SPI, 0.30 in Group BOS PI-S, and 0.47, none
significant and none significantly different, even though the single dust lead versus soil lead
coefficient of 0.20 in Models 1, 2, and 10 was highly significant (P < 0.0001 in Models 1
and 2, < 0.002 in Model 10).

Model 17 was the only model providing a good fit in which there were separate
intercepts for each group. As shown in Table 5-29, Model 5-17 has a slightly lower RMSE
for Round 3 log blood lead than other models, a slightly higher RMSE for Round 1 log
blood lead than Model 1, RMSE for Round 3 log dust lead that is somewhat higher than
Models 10 and 11 but lower than Models 1 and 2, and slightly higher RMSE for Round 1
log dust lead than Models 10 and 11 but lower than Models 1 and 2. The intercept terms in
Table 5-30 are also not significant, but provide easily calculated components of effect size,
4.41 - 1.95 = 2.46 j*g/dL for BOS SPI-S versus BOS P-S, 3.28 - 1.95 - 1.33 ^g/dL for
BOS SPI versus BOS PI-S, 4.41 - 3.28 =1.13 jig/dL for BOS PI-S versus BOS P-S, which
is very similar to the repeated measures ANCOVA effect size estimates in Table 5-5.

The riagfe most sensitive parameter estimate in these models is Round 3 versus
Round 1 Mood lead regression coefficient, which is extremely consistent at 0.59 to
0.61 /.ig/dL in Round 3 per pg/dL in Round 1, in all 5 models in Table 5-30. However, this
coefficient is statistically significant only in Model 1. Since the persistent effect of pre-
abatement blood lead is the largest single component of post-abatement blood lead for most
of the children in the sample, we decided to also evaluate models in which this regression
coefficient was held fixed at the Model 10 and 11 optimal value 0.589.
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Longitudinal SEM with Fixed Estimates of Blood Lead Persistence
Results with the Round 3 versus Round I blood lead regression coefficient fixed at

0.589 are shown in Tables 5-31 and 5-32. Table 5-31 shows that fixing the value of this
coefficient tends to flatten the effects of separating the other regression model parameters, so
that Model 1 provides a smaller RMSE for Round 3 log blood lead than other good models,
and smaller or nearly smaller values of RMSE for the other three variables. Model 30 also
provides a good fit to all variables, with statistically significant treatment group effects for
the blood lead intercept and for the dust lead versus soil lead intercept.

Table 5-32 shows that there are statistically significant post-abatement relationships
between blood lead concentration and dust lead concentration in Models 10, 11, 17, and 30 -
Furthermore, the differences among treatment groups in blood lead versus dust lead
regression coefficients in Model 11 is nearly significant, and is marginally significant in
Model 10. These differences did not exist for Round 1 blood lead. The effects of abatement
are seen in Model 11 in Table 5-32. In the soil abatement group BOS SPI, the typical
Round 3 dust lead concentration has been reduced to about 800 ng/g, and there is only a
small relationship between dust lead and soil lead (0.19 jig/g dust lead per ng/g soil lead),
and in any case the Round 3 soil lead is low in BOS SPI. In the dust abatement group BOS
PI-S, the Round 3 dust lead intercept is lower than for BOS SPI or BOS P-S, about
100 Mg/'g. but the relationship to soil lead is much stronger than in BOS SPI or BOS P-S,
0.39 ng/g dust lead per ng/g soil lead. The difference between BOS SPI and BOS PI-S is
that the soil lead is much lower in BOS SPI, so that dust lead tends to be lower in BOS PI-S
than in BOS SPI. On the other hand, while the Round 3 dust lead intercept and the Round 3
dust lead versus soil lead regression coefficient are similar in BOS SPI and in BOS P-S.
Round 3 soil lead is much lower in BOS SPI, as is Round 3 dust lead. Therefore, the soil
lead abMMKOt effect appears to be related simply to reduction of lead concentrations in soil
and duft. The partial effect of the dust lead abatement in BOS PI-S may have a component
that could be attributed to a change (possibly temporary) in the soil lead to dust lead
pathway.

A simple calculation of effect size based on separate group lead intercept terms for
Round 3 blood lead is also informative In Table 5-32, for Model 17, the BOS SPI versus
BOS P-S effect is 2.10 - 0.24 * 1.86 pg/dL (nearly significant), the BOS SPI versus
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BOS PI-S effect is 1.56 /ig/dL, and the BOS PI-S versus BOS P-S effect is not significant
In Model 30, the BOS SPI versus BOS P-S effect is significant, 2.53 Mg/dL, and the
BOS PI-S versus BOS P-S effect of 2.54 Mg/dL is nearly significant. There is a significant
relationship between blood lead and dust lead in these two models, and significant (possibly
different) relationships between dust lead and soil lead, so that there is again evidence of the
operation of soil lead abatement by a soil lead to dust lead to blood lead pathway in the
Boston study.

Effects of Gender in Longitudinal SEM
Sensitivity of the LSEM models was also evaluated by stratifying the sample by gender

and fining different models for males and females. Results for males are shown in
Tables 5-33 and 5-34 and results for females in Tables 5-34 and 5-35. As shown in
Table 5-33, Models 11 and 30 provided a good fit to blood lead data for males in Rounds 1
and 3. Table 5-35 shows a somewhat different pattern for females, with Models 1 and 10
providing a somewhat better fit to blood lead than models 11 and 30.

Table 5-34 shows that the Round 3 blood lead versus dust lead regression coefficients
for males are less significant, and the Round 3 blood lead versus soil regression coefficients
much more significant in Models 1 and 2 in the male subgroup than in the whole sample
Table 5-36 presents a different finding for females, with blood lead versus soil lead
coefficients marginally significant or not significant in most models, and blood lead versus
dust lead coefficients significant or highly significant in most models. This suggests that
direct soil lead exposure may be more important for boys and dust lead exposure inside the
home somewhat more important for girls in the Boston study.

Effect sot estimates for males may be taken from Model 30 in Table 5-34. The effect
of BOS SPI vans BOS P-S is 1.14 pg/dL (not significant) and the effects of BOS SPI
versus BOS PI-S is 1.61 pg/dL (marginally significant). The effect of BOS PI-S versus
BOS P-S is not statistically significant. However, this must be combined with an assessment
of differential abatement effects in Table 5-34 on the dust lead versus soil lead relationship in
the male residences, where a very large and statistically significant Round 3 relationship
between dust lead and soil lead exists in the control group, 0.93 pg/g lead in dust per jig/g
lead in soil, but not in the two abatement groups BOS PI-S and BOS SPI.
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Effect size estimates for females may be taken from Model 17 in Table 5-36 The
effect of BOS SPI versus BOS P-S is 2.13 ̂ g/dL (significant) and the effects of BOS SPI
versus BOS PI-S is 0.91 ng/dL (not significant). The effect of BOS PI-S versus BOS P-S is
not statistically significant. In Table 5-36, the dust lead versus soil lead relationship in che
female residences is statistically significant at Round 3, 0.162 /ig/g dust lead per ^g/g soil
lead, whereas in male residences in Table 5-34, the Model 17 relationship between dust lead
and soil lead is larger and much more significant, 0.25 ng/g lead in dust per /*g g lead in
soil, but not in the two abatement groups BOS PI-S and BOS SPI. However, the differential
treatment group relationships in Models 11 or 30 are strikingly different between males and
females. The BOS SPI Round 3 dust lead versus soil lead coefficient for females is very
large, about 4 /zg/g dust lead per ng/g soil lead, and the coefficients are negligible for
BOS PI-S and BOS P-S, whereas the estimated BOS SPI coefficient for males is small in
BOS SPI, about 0.2, and large for BOS P-S, about 0.9. These differences may be statistical
artifacts, since homes were abated similarly whatever the gender of the resident children.
An alternative hypothesis, that the dust lead versus soil lead relationship depends on the
gender of the child residing in the house, seems implausible. Additional studies of gender
effects may be of considerable scientific interest. However, it is clear that soil lead
abatement is associated with reduced childhood blood lead in the Boston study in both male
and female children, even if there is some possibility that the soil and dust exposure
processes may differ by gender.

Longitudinal SEM by Age Group
There were not enough children for separate analyses of Boston children in age groups

< 18 months or > 41 months. The results for 18-41 month old children shown in
Tabtes 5-37 and 5-38 were very similar to those for die group as a whole, with Models 1 , 2 ,
and 17 providing the best fit to blood lead data. Effect size estimates for Model 17 were
also similar to repeated measures ANOVA results, 2.55 pg/dL for BOS SPI versus BOS P-S
and 2.21 ngJAL for BOS SPI versus BOS PI-S (both statistically significant). There appears
to be a significant group difference in the relationship between dust lead and soil lead at
Round 3, with a significantly stronger relationship in tie BOS SPI group and a similar but
weaker relationship in the BOS P-S group compared to the BOS PI-S group.
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5.6.2 Cincinnati Study Longitudinal Structural Equation Models
The very simple model that assumes the same relationships among blood lead, dust

lead, and soil lead in all neighborhoods (called Model I) provided a reasonably adequate
description of the variability in the data. A large number of alternative models were
investigated, but only Models 2, 5, and 6 significantly improved the goodness of fit. The
most important of these was Model 5, which tested the hypothesis that there were differences
in average residential floor dust lead among the five neighborhoods at Round 4 The
question of whether these differences should be attributed to the soil or dust lead abatements
is discussed below The models with neighborhood group mean differences in blood lead
that were analogous to these modifications were used to calculate effect sizes (Models 2 and
6) Other modifications that somewhat improved the fit were that there were neighborhood
differences in neighborhood mean floor dust lead concentrations at Round 1 that could not be
attributed to a common relationship of floor dust lead to soil lead (called Models Jl to J6
respectively).

The most sensitive parameter in the model was regression coefficient of Round 4 blood
lead on Round 1 blood lead, which we interpreted earlier as the blood lead persistence
parameter The optimal value of the parameter for fitting all four state variables (log blood
lead at Rounds 1 and 4, log dust lead at rounds 1 and 4) usually provided a somewhat
inferior fit for Round 4 blood lead, so we modified the fining procedure first to estimate the
value of this coefficient that optimized prediction of Round 4 blood lead, then optimized all
of the other parameters. The results are shown in Table 5-39 and 5-40. Table 5-39 shows
the model assessment statistics that were used, including the global objective function for the
iterated generalized method of moments procedure and the RMSE of the four state variables
that were fined. The regression models for blood lead at Rounds 1 and 4, and the dust lead
regression mnrtrln are shown in Table 5-40.

The optimized models all suggest values of the blood lead persistence parameter that
are very similar to that in the Boston longitudinal structural equation model, in the range
0.54 to 0.63. The models also show that adjustments for neighborhood differences in blood
lead and floor dust lead at each round clarify the pattern of effects. In Table 5-40, it is clear
that blood lead intercept terms differ substantially across the neighborhoods even after
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TABLE 5-39. LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR CINCINNATI STUDY: MODEL ASSESSMENT STATISTICS

USING FIXED BLOOD LEAD PERSISTENCE FACTOR

Response
Variable

Log Blood
Pb Round 3

Log Blood
Pb Round 1
Log Dust
Pb Cone.
Round 3
Log Oust Pb
Cone.
Round 1
All

Statistic

RMSE1

RMSE

RMSE

RMSE

N»OBJ

MODEL
1

0.50410

0.52740

0.883S1

0.72687

32.59

MODEL
MODEL

5
0.51099

0.52134

0.84617

0.73471

22.22

ASSESSMENT STATISTICS
MODEL

6

0.53409

0.53216

0.83267

0.73004

17.82

MODEL
J5

0.51589

0.76285

0.83566

0.82747

20.16

MODEL MODEL
J6 30 UNITS

0.49415

0.78434

0.82889

0.84609

19.33

'RMSE = Root mean squared error.

adjustment for individual household dust lead concentrations. The Round 4 intercepts are
large and statistically significant for CIN NT(M) and CIN SEI(P) in Models 2, J2, and J6,
and large for CIN NT(M) in Model 6. At least some of the children in CIN NT(M) (and
possibly CIN SEI(P)) may have been exposed to a lead source or medium contaminated with
lead, other than soil and floor dust, to which most children in the other neighborhoods were
not exposed. The adjustment for changes in dust lead are suggested in Table 5-40, which
suggests large increases in average dust lead in CIN I-SE(D), CIN I-SE(F), and ON SEI(P)
from Round 1 to Round 4, everything else being equal.

5.6.3 Effect Sizes from Longitudinal Structural Equation
Models

This section illustrates how effects sizes can be calculated from the results for certain
longitudinal structural equation models for Boston and Cincinnati. The effect size
comparisons for Boston are shown in Table 5-41 . The Boston results are based on
Table 5-32. While several different models were evaluated. Model 17 offered the smallest
global objective function and among the smallest RMSE of all models fitted by the Iterated
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TABLE 5-40. LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR CINCINNATI STUDY: REGRESSION COEFFICIENTS

USING FIXED BLOOD LEAD PERSISTENCE FACTOR
REGRESSION COEFFICIENT

Predictor
Variable

Intercept1

Floor Dust

ALL GROUPS
CIS I-SE(D)
CIN I-SE(F)
CIN NT(G)
CIN NT(M)
CIN SEI(P)

Pb Round 42

Soil Pb Round 42

Blood Pb Rount 1 (Fixed)3

Intercept'

Floor Dust

ALL GROUPS
CIN I-SE(D)
CIN I-SE(F)
CIN NT(G)
CIN NT(M)
CIN SEI(P)

Pb Round I2

Soil Pb Round I2

MODEL
1

1.73s2

3.84"

-0.05
0.4824

8.84s*

3.00s1

-0.39

MODEL
5

RESPONSE

1.161T

4.70s2

0.67

0.5221

RESPONSE

7.35s4

2.491T

3.04S1

MODEL
6

VARIABLE:

-0.14

-I.50M

-l.OO51

3.27S1

-0.09

5.70s4

0.6953

VARIABLE:

6.73s4

4.02S1

2.681T

RESPONSE VARIABLE: FLOOR

MODEL MODEL
J5

BLOOD

0.46

4.74s3

0.90
0.5456

BLOOD

10.25s4

8.98s4

7.02s4

6.82s4

6.87s4

4.52s3

J6 UNITS

LEAD ROUND 4

1.19
0.66
0.49

3.27*1

1.841T

3.34"

0.5801

LEAD ROUND 1

10.61s4

9.34s4

7.05s4

6.42s4

7.23s4

3.84s2

DUST LEAD CONCENTRATION
ROUND 1

Intercept4 ALL GROUPS
CIN I-SE(D)
CM I-SExF)
C»NT(G)
CINNT(M)
CINSEI(P)

Window Dust Pb
Round I3

SoU Pb Round I5

150s4

0.0292s3

0.188s2

156s4

0.0255s3

0.157s2

136s4

0.0324s3

0.166s2

166s4

741T

115S1

217s4

132"

0.1153s4

150s3

3,M

108s'
170s4

128s2

0.1293s4
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TABLE 5-40 (cont'd). LONGITUDINAL STRUCTURAL EQUATION MODELS
FOR CINCINNATI STUDY: REGRESSION COEFFICIENTS

USING FIXED BLOOD LEAD PERSISTENCE FACTOR
REGRESSION COEFFICIENT

Predictor
Variable

MODEL MODEL
1 5

MODEL
6

MODEL MODEL
J5 J6 UNITS

RESPONSE VARIABLE: FLOOR DUST LEAD
ROUND 1

Intercept4 ALL GROUPS

CIS I-SE(D)
CIN I-SEi'F)
CIS NTfG)
CIN NT(M)
CIN SEI(P)

Window Dust Pb
Round I3

Soil Pb Round I5

ISO54 156s4

0.0292" 0.0255s3

0.188s2 0.157s2

136s4

0.0324s3

0.166s2

166s4

741T

U5S1

217s4

132s3

0.1153s4 0

RESPONSE VARIABLE: FLOOR DUST LEAD
ROUND 4

Intercept4 ALL GROUPS
CIN I-SE(D)
CIN l-SE(F)
CIN NT(G)
CIN NT(M)
CIN SEI(P)

Window Dust Pb Round I3

Soil Pb Round I3

324"
235s4

227s4

79S3

3271T

254s4

0.0826s4 0.0813s4

-0.121s1

235s4

284s3

82s4

53
235s4

0.0781s4

295s4

212s4

86s4

89
295s4

0.0740s4 0.

CONCENTRATION

150s3

51M

108s l

170s4

128s2

.1293s4

CONCENTRATION

293s4

210s3

78s4

71

237s4

.0832s4

'Units are ng/dL Pb in blood.
2Units are pg/dL Pb in blood per 1000 ngJg Pb in dust or soil.
'Units are pfYdL Pb in blood at Round 3 per ugldL Pb in blood at Round 1.
'Units are 0f/f Pb in dust.
'Units an 0f/f Pb in floor dust per ngJg Pb in soil or window dust.

Generalized Method of Moments (ITGMM) method in SAS PROC MODEL. In Model 17,
the three treatment groups are assumed equal at Round 1. However, at Round 3, the three
groups are assumed to have different blood lead intercept values due to differences in
treatment. If G, denotes the overall blood lead intercept at Round land G^ denotes the
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TABLE 5-41. COMPARISON OF STATISTICAL METHODS
FOR BOSTON STUDY: REDUCTION IN BLOOD LEAD (E,)

BETWEEN ROUNDS 1 AND 3

Study Group

Abate Versus Control

BOS SPI BOS P-S
BOS PI-S BOS P-S
BOS SPI BOS PI-S

Statistical Method

Repeated Measures Analysis Longitudinal Structural
of Variance1 Equation Model1

1.87s2 1.86

0.33 0.30
1.54S1 1.56

'Units are jig/dL Pb in blood.

intercept for group g at Round'3, then the general form of the two blood equations for
Model 17 as fitted are:

Blooda =G, + 8,'Dust,! + F^Soil,! for all groups

Blood,3 = Gg3 + Bloody *A13 + B3*Dust,3 + F3*Soil,3 In group g,

where

Blood, ,, Bloody = blood lead concentration in rounds 1 and 3 respectively,
Dust,), Dust^ = floor dust lead concentration in rounds 1 and 3.
Soil,}, Sou\3 = soil lead concentrations in rounds 1 and 3,
Bt, B, « regression coefficient of blood lead on floor dust lead at rounds 1 and 3,
F,, F3 » regressions coefficients of blood lead on soil lead at rounds 1 and 3,
A13 « regression coefficient of blood lead at round 3 on blood lead at round 1.

The "base" effect size estimates can be calculated as the difference of changes in intercepts,
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ERF!. P-S] = (°l <l'A13) * G(SP1.3]) - (G,(1-A13) - Gfp.sj,)

= G[P-s.3] - G[SPi-3]) = 2.10 - 0.24 = 1 86 Mg/dL,

where the adjustment for removable blood lead m Phase 1 is (1 - A13). The other LSEM
entries in Table 5-41 are similarly calculated from Model 17 Round 3 blood lead intercept
terms in Table 5-31 Additional adjustments of effect size can be made using dust lead and
soil lead regression coefficients to standardize the comparisons.

The Cincinnati analyses are based on Model J6 in Table 5-39 and are more complicated
because the neighborhoods are initially quite different with respect to both soil lead and dust
lead concentrations. In general, the ITGMM objective function is greatly reduced by ^
including separate intercept terms at both Round 1 and Round 4, both for blood lead and dust
lead. Thus the model fitted to the blood lead data are in the form:

Blood^ = Ggl +

Blood,4 = Gg4 -i- Bloodll*A14 -i- B^'Dust^ in group g,

so that the effect sizes for the "base" model are in the form

E(CIN NT(G). CIN NT(\OJ = (G[CIN NT(G),1] ^'^u) ' G[CW NT(G),4]} ' jciN NT(M).l]

G[CIN NT(M),4]}

= { 7.05 (1 - 0.5801) - 0.49} - {6.42 (1 - 0.5801) - 3.27}
= 2.47 - (-0.57) = 3. 04

The entries in Table 5-43 are the group intercept changes adjusted for removable blood lead.
The fiBri effect sizes in Table 5-42 were calculated in the same way as differences of
changes in Table 5-43.

The right columns of Table 5-43 shows the effect of adding a dust lead adjustment.
The blood lead effect size adjustments were calculated from the blood lead - dust lead
regression coefficients Bl and B4, and the median or average dust lead concentrations in
each neighborhood at Rounds 1 and 4 respectively. The defining equation is:
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TABLE 5-42. COMPARISON OF STATISTICAL METHODS FOR
CINCINNATI STUDY: REDUCTION IN BLOOD LEAD (E,)

__________BETWEEN ROUNDS 1 AND 4__________
STATISTICAL METHOD

STUDY GROUP
LONGITUDINAL

STRUCTURAL EQUATION
MODEL1

REPEATED MEASURES
ANALYSIS OF BASE

ABATE VS CONTROL VARIANCE1 MODEL

CIN

CIN

CIN
CIN

CIN

NT(G)
SEI
SEI
SEI
SEI

(P)

(P)
(P)
(P)

CIN
CIN
CIN
CIN

CIN

NT(M)

NT(G)

NT(M)
I-SE(D)

I-SE(F)

3

-2
1

-2
-1

.58

.56

.02

.43

.20

3

-1

1
-2

-2,

.04

.27

.77

,07

06

ADJUSTED FOR
MEDIAN DUST

3

-1

2.
-1.

-1.

.67

.45

,22
71

64

'Units are jtg/dL Pb in blood.

NT(M)] NT(G)) - B4*(Dustl4-CIN NT(G))}
NT(M)) - B4*(DustM-CIN NT(M)}.

The entries in Table 5-43 are the estimated changes in blocxl lead attributable to dust lead
between Round 1 and Round 4. There is no "standard" standardization for dust lead or
other environmental covariates. Blood lead changes and effects sizes were also calculated

using dust lead intercepts from Model 17 in Table 5-39, and were similar to those shown for
mean or medfca dust lead. The effects in Table 5-42 show a large Phase 1 blood lead
reduction in CD4 NT(G) compared to CIN NT(M), a moderately large blood lead reduction
in CIN SH(P) compared to CIN NT(M), and and moderate to large blood lead increases in
CIN SEI(P) compared to CIN I-SE(D), CIN I-SE(F), or CIN NT(G).
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TABLE 5-43. CALCULATION OF DUST LEAD ADJUSTMENT TO BLOOD LEAD REDUCTION
OF THE BOSTON AND CINCINNATI STUDIES FROM PARAMETERS OF THE STRUCTURAL

EQUATION MODEL IN TABLES 5-32 AND 5-40
Parameter From Table

Median Floor
Dust Lead

Study Group

BOSSPI
BOS PI S
BOS PS
CIN I-SE(D)
CIN 1 SE(F)
CIN NT(G)
CIN NT(M)
CIN SEI (P)

RDI

X,

Col 1
2420
2582
2536
414
469
187
392
366

RDP1

XP

Col 2
876
1198
1504
498
392
187
392
366

Median Blood
Lead Adjustment

RDI

B,X,

Col 3
-0.12
4).I3
4).I3
1.69
1.80
0.72
1.51
1.41

RDP1

B,Xp

Col 4
1.53
2.10
2.64
1.66
1.31
0.60
1.45
1.60

Change in
Median Blood

l-ead

For
Dust For Soil

Col 3 F,Z,
Col 4 F,Zp

Col 5 Col 6
1.65 -033
2.23 019
2.77 022

4).06
049
0 12
006
4). 19

5 ^2 (Boston) or 5 40 (Cincinnati)

Blood Lead Intercept

RDI

(G,)

Col 7
1266
12.66
1266
1061
934
705
642
7.23

RDP'

(Gp>

Col 8
024
1 80
2 10
1 19
066
049
327
1 84

Removable
blood Uad

G,<I-A,P>

Col 9
520
5 20
5 20
4 46
392
2.%
2.70
304

Intercept ('h<mge
RD 1 KIM

No Adjust

col 9 col 8

Col 10
496
3.40
3 10
3.27
3 26
2.47
-0.57
1.20

Adjust For Adjust For
Median Median Soil and

Dust Dust
col 10 + col 10 + col 5 +

col 5 col 6
Col II

3 31
1.17
0 33
3 21
3 75
2 59
051
1 01

Col 12
2 98
1 36
0.55

'For Boston. P=Round 3. for Cincinnati. P=Round 4
Cols I. 2: Data are from Appendix A. units are pg/g.
Col 3: Units are Mg/dL. calculated as (Col IK -0.050 ,ig/dL per 1000 ^g/g) for Boston (from Table 5 32, model 17). or (Col l ) ( 3 84 Mg/dl per IO(M)
for Cincinnati (Table 5-40, model J6)
Col 4. Units are Mg'dL. cakulaled as (Col 2K 1 752 /ig/dL per 1000 /ig/g) for Boston (from Table 5 32, model 17). or (Col 2)(3 34 ug/cll per 1000 ug/g)
for Cincinnati (Table 5-40. model J6).
Col 6: Analogous calculation for Boston. -0 ISO Mg/dL per 1000 Mg/g in Round I and O.263 ,.g/dL per 1000 ^g/g in Round J median soil lead
concentrations 2413 and 113. 2477 and 2148. 2268 and 2115



5.7 SUMMARY OF RESULTS OF STATISTICAL ANALYSES
5.7.1 Synthesis of Results by Repeated Measures ANOVA and

Longitudinal Structural Equations Modeling
The different statistical methods used in this study produce quantitatively similar

results, with no essential qualitative differences in conclusions from the studies The

preceeding Tables 5-41 and 5-42 compare effect size estimates from repeated measures
ANOVA analyses and longitudinal structural equations models for Boston and Cincinnati
Table 5-41 shows the estimated Phase 1 blood lead reductions of the soil abatement group
(BOS SPI) and dust abatement group BOS PI-S vs the Phase 1 control group BOS P-S The
effect sizes are almost identical, even though the estimates from Model 17 are based on
differences in intercepts after adjustments implicit in a four-equation model involving floor
dust lead and blood lead from Rounds 1 and 3.

Table 5-42 shows the estimated Phase 1 reduction in blood lead of one of the Cincinnati
no-treatment groups (CIN NT(G)) vs the other no-treatment neighborhood (CIN NT(M)), and
the Phase 1 soil abatement neighborhood (CIN SEI(P)) vs these two neighborhoods and the
two Phase 1 neighborhoods that received only interior dust abatement (CIN I-SE(D) and
CIN I-SE(F)). The longitudinal SEM effects were calculated from Model J-6 in Table 5-39
The effect size estimates from Model J6 were calculated in two different ways. The "base"
model calculated treatment group effects as the difference in the change from Round 1 to
Round 4 in blood lead model intercept terms between the two neighborhoods. The model
"adjusted for mean dust lead" adds analogous terms using the mean dust lead concentrations
in the neighborhoods at each round to adjust the overall difference. The worksheet for this
calculation is shown in Tabk 5-43. The differences between methods are larger than for
Boston, but 1m than 1.3 ng/dL in each group. The largest differences reduce the advantage
of CIN NT(O) over CIN SEI(P) from 2.6 ^ig/dL in repeated measures ANOVA to 1.4 jxg/dL
in longitudinal SEM, and increased the advantage of CIN SEI(P) over CIN NT(M) from
1.0 jig/dL to 2.2 ng/dL. The difference between control neighborhoods CIN NT(G) and
CIN NT(M), the largest statistically significant difference between any two neighborhoods,
remained at about 3.6 to 3.7 pg/dL by either method.

The longitudinal structural equation Model 17 for Boston, the parameters for which are
shown in Table 5-33, is sketched in Figure 5-48. The model shows intercepts and regression
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Figure 5-48. Pathway diagram showing the results of the longitudinal structural
equation Model 17 for the Boston study, from Tank 5-32, using the
standard terminology of Figure 5-44. Width of the arrow b proportional
to the regression coefficient for Model 17 in Table 5-32. Regression
coefficients shown by thin lines are not statistically significant (P > 0.2),
and those shown by shaded thick lines are statistically significant
(P < 0.05). Height of the bars in the boxes b proportional to the
intercept of the regression model, with separate intercepts for each
treatment group shown in the Round 3 blood lead box.
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coefficients that have been scaled so as to exhibit the relationships among lead in soil,
window dust, floor dust, and blood, before and after Phase 1 abatement. In Figure 5-48, the
width of the arrows connecting each of the independent and dependent variables, and the
height of the bars in each box is proportional to parameters in Table 5-32. In the pre-
abatement model (Round 1), soil lead concentration has link relationship to blood lead or
dust lead. This is contrary to experience in other urban areas and may reflect a selection
effect. Window dust lead is correlated with interior floor dust lead, however. The post-
abatement model (Round 3) shows several strong statistical relationships. The most
important predictor of post-abatement blood lead is the pre-abatement blood lead, which
includes prior exposures from elevated soil lead and dust lead concentrations, but post-
abatement dust lead is also a significant predictor of blood lead. Window lead is also a
statistically significant predictor of dust lead, although much smaller in magnitude than soil
lead in the post-abatement data.

While post-abatement soil lead has a small and non-significant direct relationship to
blood lead, the indirect relationship of soil lead to blood lead through house dust is
statistically significant. The combined effect is small, but significant: 0.214 ̂ g dust
Pb/g soil and 1.752 /ig blood Pb/ 1000 g dust corresponds to a composite effect
(0.214 * 1.752) = 0.375 pg/dL per 1000 Aig/g in soil. However, this corresponds only to
differentials in blood lead associated with differences in soil lead at Round 3. There is also
an overall effect characterized by the abatement group intercepts, which were not
significantly different at Round 1, but are significantly different at Round 3, as shown by the
height of the bars in the intercept box. The control group BOS P-S had the highest
post-abatement intercept, 2.10 pg/dL, and the soil abatement group BOS SPI had the lowest
intercept, 0.24 0f/dL. The difference of 2.10 - 0.24 = 1.86 /xg/dL is the intercept
difference effect size. However, in addition to this, there is additional benefit to the group
BOS SPI became of die lower dust lead and soil lead concentrations in most of the BOS SPI
residences. The median difference is about 2.43 ng/dL, taking differences in median levels
of soil lead and dust lead into account.

Figure 5-49 shows Cincinnati LSEM Model 5, the parameters for which are given in
Table 5-40. The scaling is the same as in the Boston model, Figure 5-48, except for the
floor dust concentrations which are shown 1/10 as high as in the Boston figure. The floor
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Round 1

Figure 5-49. Pathway diagram showing the output from the longitudinal structural
equation Model 5 for the Cincinnati study, from Tabk 5-40. Format is
the same as Figure 5-48. Width of the arrow is proportional to the
regression coefficient for Model 5 in Table 5-39.
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dust concentration intercept in the Cincinnati Round 1 is 156 ng/g, compared to 1520 ̂ g g m
the Round 1 Boston model 17. The Cincinnati model 5 differs from the Boston model 1" in
that the inclusion of group mean differences for floor dust lead at Round 4 significantly
improved the goodness of fit. Floor dust lead differs significantly among groups However.
Model 5 suggests that differences in neighborhood soil lead and household dust lead are

adequate for predicting mean post-abatement blood lead concentrations, so the Model 5
figure shows a large and statistically significant effect of household dust lead, taking into
account group differences in dust lead. Neighborhood soil lead differences do not add
significant predictiveness at postabatement Round 4, once dust lead is taken into account
This is strikingly different than the Round 1 preabatement model for Cincinnati, which shows
large and statistically significant relationships from soil lead to dust lead, and large,
distinguishable, and statistically significant effects of neighborhood soil lead and household
dust lead on blood lead. The dashed line connecting soil lead to floor dust lead at Round 4
shows that a relationship exists, but cannot be estimated well because of the confounding of
dust intercepts with neighborhood soil lead. Window lead is a statistically significant
predictor of floor dust lead in Round 1, as well as a larger and more significant predictor of

dust lead at Round 4.
Figure 5-50 shows a more disaggregated version of Figure 5-49 The parameters are

derived from Model J6 in Table 5-40. Since treatment group intercepts are used for floor
dust lead and blood lead in Rounds 1 and 4, direct soil lead effects are not estimatable. The
relation of floor dust lead to window lead is large and statistically significant, both in
Round 1 and Round 4. The relationship of floor dust lead to blood lead is large, statistically

significant, and quantitatively rather similar in Rounds 1 and 4, even though dust lead
concentration* were typically much lower in Cincinnati than in Boston. The change in blood
lead from Road 1 to Round 4 shows little relationship to abatement group, decreasing
sharply in ooMoi group CIN NT (G) and increasing in control group CIN NT (M),
decreasing in dust abatement groups CIN I-SE (D) and CIN I-SE (F), but decreasing less in
the soil abatement group SFJ (P). The environmental pathways are significant, as one might
have expected from studies carried out in Cincinnati a decade earlier (Bornschein et al ,
1985). Restricting the study to fully rehabilitated residences probably reduced lead paint
effects, but other external changes in lead exposure (manifested in part through window dust
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Figure 5-50. Pathway diagram showing the output from longitudinal structural equation

Modd J6 for the Cincinnati study. Format is the same as Figure 5-48.
Pathways shown by dashed lines cannot be estimated using only
neighborhood-average soil lead concentration. Height of the bars in the
boxes is proportional to the intercept of the regression model, with
separate intercepts for each treatment group shown in the Round 1 and 3
floor dust lead and blood lead boxes.
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lead concentrations) seemed to be more important factors than soil and exterior dust
abatement or Round 4 floor dust lead. Additional analyses to evaluate the role of other
external changes would be useful

5.7.2 Summary of Results by Study
This integrated assessment of the USLADP includes a revaluation of the results of the

analyses earned out by the original investigators and of the conclusions reached by the
investigators based on their analyses. While the numerical results of their analyses have been
largely confirmed here, other interpretations of the results are also consistent with these
numerical findings and, in some cases, may be more plausible than the conclusions published
by the investigators. The results of the original investigations have also been extended here
by carrying out additional analyses, using a consistent set of powerful analytical techniques
not available when the original reports were published.

5.7.2.1 Boston Study
The Boston study shows very clear evidence of an effect of soil lead abatement in

reducing blood lead in children currently residing in lead-contaminated housing. The effect
was detected in the whole group of children that received soil abatement, amounting to about
1.9 Mg/dL or 17 percent on average, but was much larger in the subgroup of children ages
1.5 to 3.5 years, amounting to about 2.5 jxg/dL or 20% of their mean starting blood lead
concentration. Since these children had high lead burdens to start with, the blood lead
reduction was actually about half of the potentially removable blood lead. This is based on
our estimate that the contribution of pre-abatement blood lead to post-abatement blood lead
was 59% of the pre-abatement blood lead concentration, so that only about 41 % of the pre-
abatement Mood lead was potentially removable. The contribution of pre-abatement body
burden ocean by resorption of pre-abatement lead stored in the skeleton back into the blood
after the soil lead abatement had reduced environmental lead exposure.

The Boston study also included a treatment group that received only interior dust
abatement, whereas the soil abatement group received both soil and dust abatement. The
reference group or control group in the Boston study received neither soil abatement nor dust
abatement, but all three groups received interior paint stabilization, a potentially non-trivial
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intervention. Therefore, even the control group in the Boston study was not entirely a "no

treatment" group, and these children may have benefitted as well from the interior paint
stabilization. The dust lead abatement group showed a large transient reduction in blood lead
at in the early postabatement stage of the study, similar to the blood lead reduction achieved
m die soil abatement group, but by the end of Phase 1 of the study, the blood lead reduction
in the dust abatement group was only 1.3 Mg/dL. The blood lead reduction in the soil

abatement group persisted throughout the study, including into Phase 2.
In Phase 2 of the study the roles of the treatment groups were reversed. The original

dust abatement and control groups were given soil and interior dust abatement. The first of
these rwo groups, which received two interventions (dust abatement in Phase 1 and soil
abatement in Phase 2). showed a further striking reduction of 3.8 jig/dL or about 40%
compared to the group that received only Phase 1 soil abatement, and about 2 jig/dL or 20%
reduction compared to the group that received no abatement in Phase 1 and also received soil
abatement at Phase 2. These effects were all statistically significant (even "highly
significant' by conventional standards of statistical confidence).

The sensitivity of these results was tested by several different methods of statistical
analysis. Outcomes based on repeated measures analysis of variance were not sensitive to
methodology, being quantitatively similar in other methods, such as longitudinal structural
equations models.

To test the response of subsets of children, the data were stratified by age, race,
gender, and initial blood lead. There were some differences in blood lead response between
boys and girls. In Phase 1, there were larger and more significant responses to soil
abatement among boys than girls, whereas in Phase 2 there was a somewhat larger effect
among girls in the treatment group that received both dust abatement in Phase 1 and soil
abatement in Phase 2. There was also a suggestion in repeated measures analyses of
covariaace of some differences in either blood lead responses or environmental lead pathways
in residences with boys versus girls, but the sample size was too small to allow much
exploration of these interesting hypotheses. There were also large effects of soil lead
abatement and dust lead abatement identified in Afro-American children, possibly related to
differential responses to dust lead, but the sample size did not allowed more detailed
exploration of these hypotheses. While there were some large reductions in blood lead in
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some younger children who started the study at ages 9 to 17 months, there were not enough
of these younger children in the Boston study to show statistically significant effects in this
age group, even though the estimated size of the effects was sometimes similar to that seen
in the largest age group, 18 to 41 months. Soil abatement effects were somewhat smaller in
children older than age 42 months, although this group also had a much smaller sample size
than the middle group.

Pre-abatement blood lead concentrations were truncated to the range 7 to 24 ng/dL in
the Boston study The upper limit was imposed by a Massachusetts requirement that children
with blood lead levels of 25 jig/dL or more be referred to authorities for treatment or
intervention; thus, such children could not be retained in the study lest they be given medical
treatment or environmental interventions not assigned in the study design. The lower
truncation limit was imposed because of the concern of the Boston investigators that changes
in blood lead in children with blood lead less than 7 /xg/dL might be too difficult to detect.
After discussion with EPA staff, external reviewers, and staff of the other study teams, the
decision to truncate the range of blood lead values was accepted as appropriate.
Nonetheless, EPA has evaluated possible effects of blood lead truncation in this report. The
Boston data were reanalyzed here using a number of additional truncation subsets. Each
further truncation of the data reduced the sample size, which generally reduced the statistical
significance of the estimated effects. In most cases, the magnitude of the effects remained
the same or similar following each truncation. For children with initial blood lead levels of
at least 10 Mg/dL, the magnimde of the effect and its statistical confidence, increased. In
general, it does not appear likely that the findings of the Boston study would have been very

different if a truncation different from 7-24 jig/dL had been used.
There was, however, another indication that the blood lead truncation may have had

some effect, even though it did not alter the conclusions from Boston as a longitudinal
intervention sttdy. Cross-sectional structural equation models were used here to assess the
initial relationship of preabatement blood lead, dust lead, and soil lead in order to investigate
environmental pathways before abatement. While there was a strong relationship between
floor dust lead, window dust lead, and soil lead (as has been found in many analogous
studies), the relationship of environmental lead to blood lead was relatively weak in Round 1
of the Boston Study. However, the relationship between blood lead and environmental lead
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found after abatement, using repeated measures analyses of covahance and longitudinal
structural equation models, was quite strong, even in the control group. Our hypothesis is
that the study design, which selected residences with high soil lead but with no children
whose blood lead exceeded 25 ^g;dL, may have weakened the initial relationship between
blood lead and environmental lead It is possible that a group of children who were lead-
burdened and potentially very responsive to abatement were excluded by this unavoidable
requirement. If this is true, the Boston study might have shown even larger effects if such
children had been included.

Thus, while the findings of the Boston study about the effects of soil and dust
abatement certainly appear to be valid (and may have underestimated the effects of
abatement), these findings should not be used to draw inferences about the entire population
of Boston children, since the study was not designed as a representative cross-sectional
population study. Neither should the Boston study be used to infer that abatement was either
equally effective or not effective at soil lead concentrations less than 1000 ng/%, since no

such residences were included. While it would be reasonable to infer that remediation of
yards with soil lead less than 1000 ^ig/g may have a positive but quantitatively smaller
benefit for children residing there, the Boston study neither proves nor disproves such an
inference.

Finally, the Boston study design is the only example of a randomized experimental
design among the three studies. Neighborhood-level differences that were presumably
controlled by randomly assigning treatments across neighborhoods were not similarly
controlled in Baltimore or Cincinnati. The advantages of the randomized experiment may
have facilitated detection of effects in the Boston study, even in the face of limitations
imposed by blood lead truncation.

5.7.2J Ondnnati Study
Unlike the Boston study, in which there were indications of changes in environmental

lead exposure or environmental dust lead pathways in the soil lead and dust lead abatement
groups, there were no substantial indications of any such effects in the Cincinnati study
White the Cincinnati study showed clear differences among neighborhoods, the differences
were not aligned with soil or dust abatement, nor were they attributable completely to
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differences in soil lead or floor dust lead. Window dust lead was, however, an important
contributor to floor dust lead, which was a statistically significant predictor of blood lead in
the best-fitting Cincinnati models. There were also strong relationships between floor dust
lead and other interface media, such as lead at the interior entry of the residence unit It is
likely that lead from another external source was a contributing factor in lead exposure for

children in some neighborhoods. Unfortunately, the "control" neighborhood of CIN NT(M)

appears to be one of these, and some children in the Phase 1 soil abatement neighborhood of
CIN SEI(P) may also have been affected. An essential requirement of an intervention study
is that the effects of important factors that could affect the outcome of the study be controlled
by design, by randomization, or by stratification and covariate adjustment It is not clear
that the Cincinnati study met this requirement.

Among the largest and most significant differences in the study is the difference in
blood lead response between the two no-treatment groups. This difference suggests that
significant factors other than soil abatement were affecting blood lead concentrations in
Cincinnati. These factors have not yet been identified by analysis or via other information.
Soil abatement in CIN SEI(P) in Phase 1 appeared to have a positive effect compared to one
of the groups, CIN NT(M), but a negative effect compared to the other treatment group.
CIN NT(G) These inclusive findings emphasize the difficulty in identifying and maintaining
appropriately matched control groups in neighborhood-level environmental intervention
studies.

5.7.2.3 Baltimore Study
The Baltimore study showed virtually no effect from soil lead abatement. While blood

lead in some children in the soil abatement group decreased substantially, there were also
decreases in some children in the control group in the other neighborhood. Likewise, some
of the childrea in the soil abatement group and in the control group showed large increases in
blood lead after the soil abatement occurred. Several factors appear to be associated with
these findings:

1. The Baltimore study was the only study that did not carry out interior dust
abatement or interior paint stabilization, and many homes had large concentrations
of lead in interior dust and paint;
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2. Soil lead concentrations in the yards around many of the residences were relatively
low when measured on a yard-average basis, even though for nearly all homes there
was at least one location in the yard with soil lead greater than 500 jxg/g;

3. All of the remediated housing was located in one neighborhood, and most of the
non-remediated housing in another neighborhood, which may not have allowed
adequate control for between-neighborhood differences;

4. No data were available on changes in environmental lead concentrations after
abatement in the control groups in either neighborhood.

There is little indication that the soil lead abatement substantially or persistently reduced
childhood lead exposure in Baltimore. In view of the large quantity of lead in interior dust
and paint in most residences, it is likely that this unremediated reservoir of exposure
continued to affect blood lead in children after soil abatement was carried out. While soil
abatment and exterior paint stabilization may eventually cause reductions in the component of
interior dust lead concentration attributable to exterior sources, it did not appear to do so
dunng the time frame of this study to an extent that was detectable. This is not too suprising

in view of the probable ongoing recontamination of the dust from interior sources such as
paint and from unremediated exterior sources such as resuspended surface soil from nearby
residences. The environmental data collected in the study were not adequate to identify such
processes, however.

The design of the Baltimore study cannot preclude differences or changes in
neighborhood-level lead exposure that may also have been important, such as was observed
in Cincinnati. While there was a control group of houses in Area I (BAL P2) that were not
remediated, all but two had no soil samples with lead concentrations above 500 jxg/g and
therefore were not comparable to the remediated houses which all had at least one soil
sample above 500 ng/g. Additional analyses of pre-abatement data to identify differences
between (fee neighborhoods may be useful

5.7.3 Summary of Results
The data presented in this section lead to the following conclusions:

(1) Soil abatement in each study effectively reduced the concentration of lead
in the soil in the areas where soil abatement was performed.
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(2) In the Boston and Cincinnati studies, the effectiveness of soil abatement
was persistent through the end of the study There were no followup
measurements of soil in Baltimore to demonstrate persistency.

i 3) Reductions of dust lead due to exterior dust abatement, performed only in
Cincinnati, were not persistent, indicating a source of lead other than soil
at the neighborhood level.

(4) Hand lead measurements often reflected general trends in blood lead
measurements and may be a reasonable estimate of recent exposure
Hand lead, as measured in these studies, can be a useful complement to
blood lead measurements.

(5) Paint stabilization as performed on all homes with lead-based paint in
Boston (interior) and Baltimore (exterior), was intended to reduce the
potential confounding effects from contamination of soil and dust, but in
retrospect, paint stabilization itself represents one form of intervention in
this study.

(6) The Boston study may have also affected blood lead concentrations in the
soil lead and dust lead abatement groups, either by modifying exposure
(as suggested by changes in blood lead versus dust lead regression
coefficients) or by changing soii-to-dust pathways (as suggested by
structural equation models). These changes are additional possible effects
of abatement beyond the persistent reduction in soil lead and dust lead
concentrations.

(7) There was little evidence of changes in dust lead exposure or in dust lead
pathways in the for the soil abatement neighborhood in the Cincinnati
study, based on longitudinal ANCOVA or structural equation models.

(8) Changes in blood lead in the Cincinnati study were associated with
changes in dust lead, but soil abatement was not effective in reducing dust
lead compared to changes in some other groups in this study.

(9) Tbtre was a marginal indication that blood lead reduction was greater in
thf Baltimore soil abatement group than in the small control group in the
MB neighborhood that was not abated since soil lead concentrations were
km, but no indication of benefit compared to a control group in another
neighborhood.

(10) Based on the Baltimore and Cincinnati studies, there appear to be some
relatively large differences in neighborhood-level changes in lead
exposure in these urban areas that may constitute a major source of
variability in response to soil or dust abatement.
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(11) Assessments of the Boston data suggest that some differences may exist
between boys and girls in their response to soil abatement, which may be
related to age or behavior.

(12) Children in the age group 18-41 months showed the greatest reduction in
blood lead from soil abatement in the Boston study, about 2 5 ug dl in
Phase 1 The effects were larger in Phase 2. While there seemed to be a
large effect of soil abatement for younger children, it was not statistically
significant in the Boston study due to the small number of children less
than 18 months of age at the time of abatement.

(13) Blood lead reduction of about 1.9 ug/dl associated with soil and interior
dust abatement occurred during Phase 1 of the Boston study, and persisted
into Phase 2 with no further abatement.

(14) Soil abatement during Phase 2 of the Boston study was associated with a
reduction in blood lead 2.0 ug/dl in the group that received only paint
stabilization in Phase 1, and with a reduction of 3.8 ug/dl in the group
that received interior paint stabilization and dust abatement in Phase 1,
compared with the group that received no Phase 2 abatement.

(15) While the initial truncation of blood lead range in the Boston study may
have attenuated the initial relationship of blood lead to soil lead,
truncation had little effect on the final results.

5.7.4 Limitations of the Statistical Methods
The statistical methods used here were reasonable and appropriate, and could be used

by other investigators with access to standard statistical software packages. However, the
methods have certain limitations that should be understood. The repeated measures analyses
assume only that the response variables are correlated with each other, with no implication of
temporal causality. The goodness of fit of the models was significantly improved by use of
covahae nalyses.

A ipobieui arises if the response variable must be transformed (e.g., by a logarithmic
transformation for blood lead or for hand lead) in order to reduce skewness and to stabilize
variances across treatment groups. The implied model for the original untransformed
variable is then multiplicative in treatment effects and random variation. This is probably
acceptable for the analysis of variance, but is likely to produce a physically or biologically
meaningless specification for the covariate model when the covariates are indicators of
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distinct and additive sources of lead, such as soil lead and interior lead-based paint The
logarithmic model does not reproduce the additive nature of the separate exposure pathways

Extension of repeated measures analyses to covariates such as environmental lead levels
that change with time can be done using a single technique, structural equation modeling
These methods provide more powerful interpretive tools. The availability of environmental
data to characterize time-varying lead exposures in the Boston and Cincinnati studies suggests
that more powerful statistical methods, such as structural equation models, may be more

appropriate.
There were substantial differences in the design of the three studies that precluded

completely identical analyses of the data. It was technically possible to create a combined
data set, given that all three studies included data on blood lead and hand lead before and
after abatement, carefully coordinated measures of family demographic characteristics, and
both soil and dust lead at the child's residence Also, some parameters are the same across
studies, such as the persistence parameter for blood lead used in structural equation models.
However, the substantial differences in study design, such as the characterization of the
"control" groups, pre-abatement paint stabilization, age distribution at the time of abatement,
ethnic and racial characteristics of the populations, and pre-abatement soil lead exposure
meant that mathematically similar measures of effect in each study would have very different
interpretations, and would not be clearly generalizable to other study designs, much less to
soil lead abatement in other communities. Therefore, no "combined" analyses of pooled data
from all three studies was attempted here.

5.7.5 Comparison Across the Three Studies
The effectiveness of soil lead abatement in reducing blood lead varied greatly among

the three citiM. The variability in abatement effects is probably due to substantial differences
in lead sources and pathways among the neighborhoods in these studies. These differences
for each study are discussed below.

The Baltimore study had two neighborhoods, Lower Park Heights and Walbrook
Junction. The area to which abatement was assigned (Park Heights) had enrolled some
families whose residences did not have soil lead levels that were high enough to justify
abatement. The nonabatement houses in Park Heights were used as an additional control
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group. Unlike the other two studies, the soil abatement in Baltimore was not accompanied
by interior dust abatement. There was essentially no significant effect of soil abatement in
the abated houses, compared to the control group It is likely that interior paint contributed
co child lead exposure, either directly by ingestion of paint chips, or indirectly by the hand-
to-mouth exposure pathway, as follows:

interior paint =• interior dust -» hands ~ blood.

Cross-sectional and longitudinal structural equation analyses could be used to explore this
hypothesis. However, because there were no repeated measurements of household dust lead,
it was not possible to assess changes in exposure over time except by use of hand lead data
Concerning the Baltimore study, we conclude that:

It is likety that soil lead abatement had little effect on the primary factors
contributing to elevated pediathc blood lead levels in these two neighborhoods;
those factors appear to be interior lead-based paint and interior dust lead.

The Boston study was conducted with blood and hand leads measured at one
preabatement round and at about 8 months after abatement. Soil and dust lead measurements
were available for pre- and postabatement at about the same time. These data allowed a very
complete analysis of blood lead responses to changes in dust and soil lead over time.
Relative to the no treatment group, the results showed clearly that there was a persistent
reduction (1 to 1.9 ng/AL) in average blood lead levels for the soil lead abatement children
and that, on average, the postabatement blood leads were lowest in premises that had the
lowest postabatement soil lead and dust lead loadings. Interior and exterior lead paint were
not significant predictors of blood lead for Boston children. Concerning the Boston study,
we conclude:

soil and dust lead levels show a persistent decrease as a result of
abatement, blood lead levels also show a persistent decline.

Because the Cincinnati study had collected blood lead and environmental samples in six
Cincinnati neighborhoods, analyses comparable to those reported for the Baltimore and
Boston studies can be made. After some analyses using models similar to those for
Baltimore and Boston, it became evident that the neighborhoods within each of their
treatment group were not comparable in every way Although there was a strong dependence
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of blood lead on environmental lead, particularly on hand lead and on current floor or entry
dust lead there was no clear pattern of change or response of interior dust lead levels after
abatement.

We are inclined to accept the conclusion of the Cincinnati investigators that blood and
dust lead levels were affected differently at different times and places by other events not

under their control. However, the dose-dependence exhibited in the models suggests that
reducing interior dust lead levels did reduce blood lead levels, at least for a while The
problem is that the abatements did not always persistently reduce dust lead levels
We therefore conclude that:

There were additional sources of environmental lead exposure (ha! nod
different effects on the neighborhoods during the course of the Cincinnati study
and were not related to the abatement methods used in the study, ft will be
necessary to use other analysis methods, such as structural equations
modeling, in order to determine the extent to which changes in Cincinnati child
blood lead levels may have occurred in response to changes in lead exposure.
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6. INTEGRATED SUMMARY AND CONCLUSIONS

6.1 PROJECT OVERVIEW
This project focuses on the exposure environment of the individual child, looking at

three indicators of exposure: blood lead, hand lead, and house dust lead. From the

perspective of the child's environment, changes in the soil concentration are expected to
bring about changes in the house dust concentration, the hand dust loading, and the blood
lead concentration.

In the past 25 years, concern for children with lead poisoning has steadily increased
with mounting evidence for the subtle but serious metabolic and developmentaJ effects of lead
exposure levels previously thought to be safe. Childhood lead poisoning was formerly
considered an acute medical problem usually traced to swallowed chips of peeling lead-based
paint. Scientific evidence has systematically revealed deleterious effects of lead from several
sources at lower levels of exposure. Agencies such as the U.S. Environmental Protection
Agency and the Centers for Disease Control and Prevention (CDC) have repeatedly lowered
the level of concern for children's lead burden that recommends environmental or clinical
intervention from a blood lead level of 30 ng/dL established in 1978 by CDC to 25 jjg/dL in
1985, just prior to the start of the project, then to the present level of 10 ^ig/dL, which was
defined in October 1991 by CDC as a blood lead level that should trigger community-wide
prevention activities if observed in many children.

The purpose of Urban Soil Lead Abatement Demonstration Project (USLADP) was to
determine to what extent intervention in the form of soil abatement in residential
neighborhood* would be effective as a means to reduce childhood lead exposure. Each of
the three sttfie* in the project is a longitudinal study of the impact of intervention on the
lead exposure of children. The studies focused on evaluation of the exposure environment of
the children living mainly in inner city neighborhoods. Measurements of lead in key external
environmental media (e.g., soil, exterior and interior dust, and paint) were obtained prior to
soil abatement, along with more direct indices of personal exposure in terms of hand wipes
and blood lead levels. Abatement of soil lead generally involved removal of contaminated
soil and replacement with clean soil. Postabatement lead levels in the above media and
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children's blood lead were remeasured at varying intervals to determine the effect of soil
abatement, alone or in combination with paint stabilization or dust abatement, on blood lead
concentrations. There are few other longitudinal studies of this type, and none of this scope
or duration. Because the three studies were conducted using mutually agreed upon protocols.

with few exceptions, a common ground exists for understanding an array of information

available from the three individual studies that broadens the base of information beyond the
limits of a single study or location.

Although the three studies were conducted independently, an effort was made to
coordinate the critical scientific aspects of each study in order to provide comparable data at
their completion. This effort included seventeen workshops where the study designs,
sampling procedures, analytical protocols, and QA7QC requirements of each study were
discussed with a goal toward reaching a common agreement. In most cases, a consensus was
reached on the resolution of specific issues, but the individual studies were not bound to
conform to that consensus or to adhere to it throughout the study. This procedure produced

similar studies with some differences in study design and experimental procedures.
The individual results for each of the three cities were originally presented at an EPA-

sponsored symposium in August 1992. These presentations included the data analysis and
conclusions for each of the three individual city studies. Following this open discussion with
the scientific community, the three research teams submitted their respective reports to the
designated EPA regional offices (Boston. Region I; Baltimore, Region ffl; and Cincinnati.
Region V). These reports and their associated data sets were then provided to EPA's Office
of Research and Development (ORD) and Office of Solid Waste and Emergency Response
(OSWER) for further analysis and preparation of this Integrated Report.

The EPA review of the study designs, chemical analytical procedures and data quality
measures bis found no major flaws that would cast doubt on the findings of the individual
reports. The data sets submitted to EPA were systemically scrutinized for errors and
inconsistencies, and were reviewed and revised by the principal investigators for each of die
three cities prior to the completion of the analyses reported here. These corrections were
minor and would not have altered the conclusions of the individual city reports.

This EPA Integrated Report has reached its present form after an extensive review
process. First, the reports of the individual studies were peer reviewed by non-EPA experts.
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revised, and presented to EPA in their final form, along with the data sets that were used as
the basis for the individual reports. These data sets were then reanalyzed by EPA using
rigorous statistical techniques to extract information not easily accessible from any individual
study Earlier drafts of this report, based on those analyses, have undergone several rounds
of internal and external review. This has included release of the report in draft form for

public comment and external review at two separate expert workshops. Further statistical
analyses (based in part on peer review comment recommendations) have since been carried
out, and the report incorporated changes reflecting the new analyses and earlier comments
from the external experts. However, due to time constraints and other factors, it has not
been possible to carry out the entire range of analyses that may have been desirable to more
fully address important and interesting issues related to the interpretation of findings from the
subject studies.

Electronic copies of the underlying three cities data sets will be made available to
members of the scientific community for continued review and analysis along with the
release of the final version of this report. This continuing reanalysis means that new
perspectives on the USLADP data may emerge. Although it is unlikely that major findings
have been overlooked during the above-noted extensive review phases, it is not at all
unreasonable to expect that still further information will be retrieved and reported by further
evaluation to be made possible by this open policy for data release.

6.2 SUMMARY OF FINDINGS
6.2.1 Comparison of EPA Integrated Report Results with Individual

Study Results
This itfafrated assessment looks at the three individual studies collectively to determine

if a broad overview can be taken of the project results when each study is placed in its
correct perspective.

6.2.1.1 Boston Study
The key findings of this integrated assessment with regard to the Boston study are as

follows:
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1 The median preabatement concentration of lead in soil was relatively high in
Boston, averaging about 2,400 ^g/g with few samples below 1,000 Mg;'g

2. Abatement of the soil effectively reduced the median concentration of lead in the
soil to about 150 ^g 'g lan average decrease of about 2,300 pig/g).

3. Soil was clearly a pan of the exposure pathway to the child, contributing
significantly to house dust lead.

4 Other sources of lead, such as interior lead-based paint were minimized by
stabilization.

5. The reductions of lead in both soil and house dust persisted for at least two years.

6. Blood lead levels were reduced by approximately 1.9 jig/dL at 10 mo after soil lead
abatement.

7 Additional reductions in blood lead of about 2.0 Mg/dL (relative to non-abated) were
observed at 22 mo postabatement for children in houses where the soil lead was
abated and the interior house dust lead was consequently reduced and remained low.

The Boston study used analysis of variance methods based on blood lead differences,
and analysis of covariance methods with the longitudinal aspect included by use of the
preabatement blood lead concentration (Round 1) as a covariate. The results of their "crude"
analysis (Table 15-10 in the Boston study report) are virtually identical to the effect size
estimates we calculated for the group as a whole using repeated measures ANOVA and also
using a longitudinal structural equations model Table 6-1 provides a comparison of the
results from the Boston individual city report and from this report. The effect size estimates
are somewhat smaller in their "base" model, which the longitudinal analysis of covariance
model adjusted only for pre-abatement blood lead. In view of the differences in methods and
approaches, the overall conclusions are very similar

The Bwton investigators also studied the sensitivity of the effect size estimates to a
large number of other covariates, including environmental factors, family demographic
factors, behavioral factors, and biological covariates. None of these changed the estimated
effect of bos SPI vs BOS P-S (soil abatement vs control) from their base model, 1.49 jtg/dL.



TABLE 6-1. COMPARISON OF PHASE 1 EFFECT SIZE ESTIMATES
BETWEEN THE BOSTON STUDY REPORT AND THIS REPORT

Group Study

Abate Versus

BOS SPI

BOS SPI

BOS PI-S

Control

BOS P-S

BOS PI-S

BOS P-S

Boston Report1

Crude
Model

1.92

1.53

0.39

Base
Model

1.49

1.28
0.21

This Report1

RM
ANOVA

1.87

1.54

0.33

LSEM
Model 17

1.86

1.56

0.30

'•Units are jig/dL reduction of Pb in blood.

by more than 0.22 jxg/dL. The factors were entered one at a time. The largest decrease was
seen with inclusion of race as a factor (which reduced the effect to 1.27 ng/dL) and with
inclusion of pre-abatcment lead paint (which reduced the estimated effect to 1.34 pig/dL).
Five factors decreased the effect size, which nevertheless remained statistically significant:
water lead concentration, time away from home, time away from study area, playing or
sitting on inside floor, and ferritin level. The other 15 factors tested increased the estimated
effect size, particularly age (to 1.61 jtg/dL) and hand washing before meals (to 1.63 ng/dL),
as well as: gender, socioeconomic status, mouthing variables, chipping paint, yard play,
outdoor eating, hand washing after outdoor activity, pets that go outdoors, imported canned
food, lead-related occupations, lead-related hobbies, cigarette smoking, and owner
occupancy. Many of these factors are important in identifying individual exposure
components and lead risk factors, and are worthy of additional scientific investigation.
However, none of these factors appear to have interacted so strongly with soil and dust
abatement at to hive qualitatively affected the conclusions of the study, except for relatively
small effects related to age, race, and lead paint level. Much of the lead paint effect is
mediated, both statistically and physically, by lead concentrations or loadings in house dust.
It is likely that the use of household dust as a covahate in the models of this report
effectively subsumed the lead paint effect, and that the dust abatement that was carried out in
the Boston study along with soil abatement may have affected some fraction of the blood lead
response that might have been otherwise attributed to lead-based paint. Even so, the overall
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treatment group effect in the model that included lead paint was only slightly less significant
(P = 0.05) than the base model (P = 0.02). On the other hand, including chipping paint in
the model increased the effect to 1 53 jig/dL (P = 0.02 for the group model. P = 0 01 for
the BOS SPI vs BOS P-S effect) Additional studies involving the paint contribution to the
total lead exposure pathways, and assessment of the possible effects and interaction between
paint condition and paint lead loading on lead exposure, are needed to understand the
relatively small modifications of effect size attributable to lead paint.

Age and race effects are larger than the paint effects and were evaluated in this report.
Larger effects were identified for children of ages 18 to 41 months, and for children of
Afro-Amencan ancestry, than for the sample as a whole. The Afro-American children also
seemed to show larger responses to dust abatement than did the sample as a whole.

In summary, the abatement of soil in the Boston study resulted in a measureable,
statistically significant decline in blood lead concentrations in children, and this decline
continued for at least two years. It appears that the following conditions were present, and
perhaps necessary for this effect: (a) a notably elevated starting soil lead concentration (e .g . ,
in excess of 1,000 to 2,000 ng/g); (b) a marked reduction of more than 1,000 ̂ g/g in soil
lead consequent to soil abatement accompanied by (c) a parallel marked and persisting
decrease in house dust lead.

These conclusions are consistent with those reported by the Boston research team Thr
integrated assessment found no basis for modifying their conclusions, although we choose not
to express these findings as a broadly generalizeable linear relationship between soil and
blood, such as change in micrograms of lead per deciliter of blood per change in micrograms
of lead per gram of soil, because we believe that such a linear expression of abatement
effects is highly site specific for the soil-to-blood relationship. We found evidence that the
dust-to-blood relationship is more significant than the soil-to-blood relationship and therefore
the abatement effect also depends on soil-to-dust transfer, which may be very site-specific

6.2.1.2 Baltimore Study
With regard to the Baltimore analyses conducted for this integrated assessment, the

participants in the abatement neighborhood that did not receive abatement were treated as a
separate control group, rather than combined with the nonabatement neighborhood (as the
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Baltimore research team did). The reason for this was to establish a control group not
influenced by differences between neighborhoods This alternative approach used in this
integrated assessment had little impact on the statistical significance of soil abatement effects
as reported by the Baltimore research team

The key findings of this integrated assessment for Baltimore are:

1. The preabatement concentrations of lead in soil were notably lower ( i . e . , averaging
around 500 to 700 ^g/g, with few over 1,000 Mg/g) than in Boston.

2. The actual reduction of lead in soil by abatement was small (a change of about
400 /ig/g), compared to the Boston study (a change of about 2,300 ^g/g).

3. Measurements of blood lead were made for only ten months following abatement.
and no significant decreases in blood lead consequent to soil abatement were
observed compared to non-abatement control group children.

4 Except for exterior lead-based paint, there was no control of other sources of lead.
such as the stabilization of interior lead-based paint (as done in Boston) or
abatement of house dust (as done in Boston and Cincinnati).

5 . Follow-up measurements of soil (except immediately postabatement) were not made
to establish the persistency of soil abatement, and its possible effects on house dust.

The Baltimore report used a generalized linear regression model (GLIM). In its
simplest form, the regression model can be expressed as a linear model using log-
transformed variables. The Baltimore blood lead model 1 is a simple ANOVA model,

Log(BC,j) = Cv + eg

with only two treatment groups, Area 1 and Area 2. However, Area 1 includes some non-
abated residace* as well the residences that received soil abatement, whereas Area 2
includes only non-abated residences. Therefore, the results in the Baltimore report cannot be
directly compared with the results reported here, where we have separated the abated and
non-abated residences into two groups and used the non-abated residences in Area 1 as a
second control group. Model 2 in the Baltimore report is a simple ANCOVA model,

log(BC,p = Gu + b2j AgetJ + b3jSESi + b4j Season^ + b6j M(J logOIand^ + b^ (1-My)
log(Hand,j) + e(j.
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In this notation. Age is a semi-categorical variable, Season is included only for preabatement
rounds 1 and 2 that covered many months, and M,j is a dummy variable for low or high
mouthing behavior While temporal comparisons are possible, no temporal correlation model
is assumed, and the Baltimore report notes that the lack of temporal modeling is a deficiency
in the analyses

The Baltimore analyses were earned out for two distinct subgroups of children. The
first set of analyses used only those children who were present in all six rounds. The second
set of analyses used all children who were present in each round. Analyses for this report
used children who were present in Rounds 3, 4, and 6. The set of children who were
present in all rounds is included in the EPA set, but does not include other children in the

EPA set such as those children who were recruited at Round 3, especially very young
children The second set of children in the Baltimore study is much closer to the EPA child
set in Rounds 4 and 6. but includes in Round 3 some additional children who dropped out
after Round 3 Therefore, the EPA effects size estimates are based on different groups of

children than in the Baltimore report.
Effect sizes were calculated in Table 6-2 as simple differences of treatment group

effects reported in Tables 7-7 and 7-8 of the Baltimore report. The effects were small and
probably not statistically significant, although the lack of correlation structure in the
Baltimore models makes any estimates of standard errors rather questionable. The
differences in blood lead are negative between the treatment group (BAL SP) and the control
group (BAL PI and BAL P2). There is little reason to believe that major treatment group
differences would have been identified by other analyses of these data.

Other findings in the Baltimore study are of interest. There were some indications of
significant differences associated with hand land, with a modifying effect due to child
mouthing bdtoviors. There was also a strong effect of socioeconomic status on blood lead
and dust lead, and an age effect with maximum blood leads at ages 1 to 3 years (12 to
36 months), a general finding in these studies.

Thus, in Baltimore, where the differences between pre- and postabatement soil lead
concentrations were much less than in Boston, and where the soil abatement criteria left
some properties only partially abated, and where no interior paint stabilization or dust
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TABLE 6-2. EFFECT SIZE ESTIMATES FROM THE BALTIMORE REPORT
COMPARING BLOOD LEAD REDUCTION IN BAL SP VERSUS CONTROLS

Rounds

Rounds 3 and 4

Rounds 3 and 6

Child Group

All 6 Rounds
Each Round
All 6 Rounds
Each Round

Baltimore

ANOVA

-0.55
-0.07

-0.92

-1.55

Model1 2

ANCOVA

0.12
-0.10
-0.71
- 1 . 1 7

This
BAL SP

vs BAL PI
0.07

-Q.54

Report13

BAL SP
vs BAL P2

1.774

0.67

'Units are ngidL reduction of Pb in blood.
Baltimore controls are BAL PI and BAL P2
'Children present in Rounds 3,4, and 6
J P=0 .16 ; others, P>0 .2 .

abatement was performed, no detectable effects of soil lead abatement on blood lead levels
were found.

These conclusions are consistent with those reported by the Baltimore research group,
and are not inconsistent with those above for the Boston study. At soil concentrations much
lower than the Boston study, the Baltimore group would have likely been able to see only a
very modest change in blood lead concentrations (perhaps less than 0.2 /ig/dL), assuming
similarity between the study groups in Boston and Baltimore and the same linear relationship
between change in soil concentration and change in blood lead. Furthermore, the interior
paint stabilization and house dust abatement performed in Boston perhaps enhanced and
reinforced the impact of soil abatement on childhood blood lead, whereas in Baltimore, any
possible small impact of soil abatement would have likely been swamped by the large
reservoir of lead in the interior paint and the large unabated amounts of lead in interior house
dust.

6.2.1.3 Cincinnati Study
As for the Cincinnati study, because of differences in the neighborhoods, we found that

combining neighborhoods into treatment groups often obscures important effects, and chose
to analyze each of the six Cincinnati neighborhoods as separate treatment groups. One
neighborhood, CIN I-SE(B) had an insufficient number of participants and was dropped from
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some analyses. The CIN I-SE(B) group started with nine families, but by Round 5 there was
only one participating family in the study. The two control neighborhoods, CIN NT(G) and
CIN NT(M), were also found to be substantially different, and that the three remaining
treatment groups, CIN SEI(B), CIN I-SE(D), and CIN I-SE(F), were more comparable, both
demographically and in geographic proximity, to CIN NT(M) than to CIN NT(G).

The Cincinnati study used several different regression (ANCOVA) models, and cross-
sectional structural equation models. The report also included results of a simple correlation
analysis that did not allow for multiple covariate adjustments, and is not further described.
The response variables in the regression models included the difference in blood lead
between Round 1 and Round 4, hand lead differences, and differences in interior floor dust
loading and in exterior dust loading. The final regression model for the change in blood lead
involved only blood lead concentration (which we denote Blood), hand lead loading (which
we denote Hand), age of the child at the Round 4 blood lead measurement (which we denote
BloodR4), and socioeconomic status (denoted SES). In our notation, their model is:

BloodR4 - BloodRl = 8.52 + 0.038 (HandR4 - HandRl) - 0.00079 AgeR4*HandR4
-0.17 SES -0.43 BloodRl.

This model has one point of similarity to our Cincinnati longitudinal SEM models. By
transposing the BloodRl on the left side of the equation, we have a linear relation that is
expressed algebraically as BloodR4 = 8.52 + ... other terms + 0.57 BloodRl, which is
close to the value of the blood lead persistence parameter A14 obtained for most of the
Cincinnati LSEM models, such as A14 = 0.58 in Model J6 used in the effects size
comparisons. Otherwise, blood lead is not predicted by neighborhood, nor by abatement
group, nor by environmental lead concentrations or loadings, but by another time-variable
and child-specific variable, hand wipe lead loading, which tends to increase with the child's
age. The regression model for hand lead change also excludes treatment group or
environmental variables, except indirectly through Round 1 hand lead.

The report also presents a structural equation model for blood lead and hand lead
differences, and for changes in interior and exterior dust lead. Their equations for blood and
hand lead are, in our notation:
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BloodR4 - BloodRl = 10.28 - 0.18 SES - 0.064 AgeR5 - 0.46 BloodRl

HandR4 - HandRl = 5.78 + 0.002 HandRf - 0.62 HandRl

The rwo dust lead equations are totally unconnected to blood lead or hand lead.
The report also shows cross-sectional structural equation models for Round 1, Round 3,

and Round 4 respectively. The Round 1 SEM model shows large and statistically significant
age effects, and effects of mouthing behavior Areas and neighborhoods show no significant
differences. The model uses no environmental covariates, but reports a significant regression
of log(BloodRl) on log(HandRl). The simultaneous equation for log(HandRl) depends
strongly on age and not at all on treatment group or neighborhood. Neither equation uses
any of the environmental covariates, but both include a significant fixed effects factor for
'families", which is analogous to the random effects term Hh(g) in our repeated measures
ANOVA and ANCOVA models. However, their findings of no significant neighborhood
differences or environmental factors differs somewhat from some of the findings in our
cross-sectional and longitudinal SEM models. Differences in model format and structure
make direct comparisons very difficult.

The Cincinnati investigators concluded that the Phase 1 changes in blood lead
concentrations and in hand lead loadings were not significantly different among the three
abatement groups, using either multiple regression models or structural equation models
They did not compare across different neighborhoods within treatment groups, which was an
additional source of variability in the study We cannot therefore directly compare our effect
sizes or treatment differences across neighborhoods with their aggregated results. Since their
models are not directly comparable to our models without additional substantive analyses of
the role of hmd wipe lead, we cannot directly compare effect sizes using longitudinal SEM

The Cincinnati report giving a cross-sectional SEM for Round 4 (their Table 4-63)
presents a comprehensive and detailed SEM which is in substantial qualitative agreement with
the longitudinal SEM we presented for Cincinnati Round 4 blood lead and dust lead. The
use of hand lead in their model precludes direct comparisons with the longitudinal SEM
shown here in Table 5-39. The use of log(HandR4) as a covariate that is only partially
adjusted by window and floor dust lead loadings, age, and SES permits the finding of large,
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statistically signficant, but negative relationships between log(BloodR4) and dust lead
loadings on the floor, interior entry, and exterior Additional analyses of this model would
be useful. The model uses neighborhood or area as an adjustment covariate for hand-to-
blood, dust-to-blood. dust-to-hand, paint-to-dust, and extenor-to-floor pathways, with some
significant differences While the application of this model does not allow comparison of

effect sizes relative to Round 1, there is a qualitative similarity in our findings with those of
the Cincinnati investigators.

On this basis, we concluded that, in most cases, the effect of soil abatement could not
be clearly determined, and offer the following explanation for this conclusion:

1. Most of the soil parcels in each neighborhood were not adjacent to the living units,
and this soil was therefore not the primary source of lead in house dust. Evidence
for this statement includes the observation that street dust lead concentrations are
much higher than seil concentrations, indicating there is a large source of lead
contributing to street dust in addition to soil lead.

2 The preabatement median soil lead concentrations in the three treatment groups
were about 300 ^g/g in CIN SEI(P), 700 /*g/g in CIN I-SE(F), and 800 /xg/g in
CIN I-SE(D), and the postabatement soil concentrations were less than 100 ng/g.
so that the reduction of lead in soil was small, as in Baltimore.

Evidence for the impact of dust abatement or dust and soil abatement consists of a
statistically significant difference between changes in blood lead between Rounds 1 and 4,
approximately one year apart. Some Cincinnati neighborhoods showed decreased blood lead
concentrations in response to dust abatement or dust and soil abatement. The two
neighborhoods that received only interior dust abatement in the first year, CIN I-SE(D) and
CIN I-SE(F), showed a small decrease in blood lead concentrations, compared to large
increases in the nearest control group, CIN NT(M). The treatment group that received soil,
exterior dost and interior dust abatement, CIN SEI(P), showed a smaller effect than did the
CIN I-SE(D) and CIN I-SE(F) neighborhoods. After consultation with the Cincinnati
research team, we suspect that there was recontamination of street dust in CIN SEI(P) during
the study, probably caused by demolition of nearby buildings in the neighborhood.

The consistent theme across the outcomes for all three studies is that soil abatement
must be both effective and persistent in markedly reducing soil lead concentrations
accompanied by a corresponding reduction in house dust lead in order to result in any
detectable reduction of blood lead. The location of the soil relative to the exposure
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environment of the child is important. In this project, the movement of lead from soil or
street dust into the home seems to be a key factor in determining blood lead concentrations
Although these fJSLADP results provide substantial evidence for the link between soil or
street dust and house dust lead, there is insufficient information by which to clearly quantify
this relationship in terms of the lowest level of soil or street dust lead reduction that will
yield a measurable decrease of lead in blood.

6.2.2 Synthesis of Findings Across the Three Studies
While the USLADP was not intended to compare different methods for soil abatement,

the differences in design and methodology among the three studies helped to identify
conditions for which soil abatement may be an effective intervention, and conditions under
which soil abatement is less likely, to be effective. Abatement or intervention can be
effective if it can achieve one or both of the following goals:

1 Abatement or intervention produces an effective and persistent reduction in the
concentrations of lead in soil and in household dust.

2. Abatement or intervention changes childhood lead exposure by reducing the intake
of lead-contaminated media, or effectively breaks the transport pathway from the
lead-contaminated source to the child's activity areas.

These are not mutually exclusive goals, but there are important distinctions among them
The first goal, reducing lead concentrations, can be achieved without changing exposure or
transport. For example, removing bare lead-contaminated soil from a yard and replacing it
with bare soil that is not contaminated will not immediately change the child's exposure to
interior dust lead nor the transport of surface soil from the yard into the house. However,
the child's intake of lead directly from any soil ingestion will immediately be reduced, and
one would taftct that over some period of time, there will be a reduction of the child's
intake of lead from household dust because the soil component of household dust lead has
been eliminated. All three studies achieved the elimination of lead in yard soil. It is
important to note the requirement that the soil not be recontaminated by unremediated
sources such as exterior paint and by transport of lead from unremediated areas. Even in the
Boston study, a few yards became substantially recontaminated. However, most of the
sampled locations in the Boston and Cincinnati did not suffer significantly recontaminated
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soil after abatement. The Baltimore sites were not followed up over a similar period of time
Both Boston and Cincinnati residences received interior dust abatement. The Boston

residences showed slight evidence of recontamination. whereas most the residences in the
areas that received mtenor dust abatement (with or without soil abatment) during Phase 1 of
the study showed significant recontamination. The floor dust lead concentrations showed a
significant association with window lead and mat lead, suggesting exterior sources of

recontamination. Long-term changes in dust lead were not followed up in the Baltimore
study Significant blood lead reduction was detected only in the Boston study, where
persistent reduction of dust lead occurred in most residences that received soil lead and
interior dust abatement. The effect was even greater in Phase 2 in the group PI-S that
received both Phase 1 dust abatement and both soil and dust abatement in Phase 2.

The second goal, reduction of exposure, requires reducing the amount of potentially
lead-contaminated media consumed by the child. Repeated measures analysis of covariance
of the Boston study suggests that this may have occurred, based on some statistically

significant changes in the regression coefficients between blood lead and dust lead after
abatement Longitudinal structural equation models for Boston also suggest some changes in
soil-to-dust or dust-to-blood pathways. Similar analyses of the Cincinnati data find little
evidence for changes in regression coefficients. The regression coefficients are generally
believed to indicate components of the exposure pathway, either intake of lead-contaminated
media by the child or transmission of lead contamination from one medium to another more
accessible to the child. Soil abatement can reduce exposure by covering soil with sod or
other barriers that reduce the child's access to surface soil particles. The reduction in
exposure is distinct from reducing the lead concentration in the soil to which the child is
exposed. Likewise, frequent and effective washing or vacuuming of household dust can
reduce tht Mount of dust (dust loading) that is accessible to the child, however much lead is
in the duL Changes in behavior, such as more frequent hand washing or greater parental
attention, can also reduce contact with dust and soil. Since all of these studies may have
initiated behavioral changes from the moment of recruitment simply by informing parents and
caretakers of potential lead hazards, such changes cannot be detected with this study design.

The second goal can also be achieved by any process that reduces transport of the
contaminant from the source to the areas in which the child may come into contact with it.
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Covering bare soil with sod, concrete, or other barriers will clearly prevent contamination of
house dust and outside play areas, just as encapsulation of paint will prevent paint chips from
contaminating dust, so long as the bamer remains intact. Removing the source of
contamination was shown co be effective in Boston, but in addition to this, there is also some
possibility that the post-abatement pathway regression coefficient from soil to dust may have
been changed However, there may also have been a serious attenuation of the apparent
pathway in the Round 1 data set, possibly attributable to the blood lead truncation of the
study Additional studies on the effects of soil abatement on environmental lead pathway
kinetics would be useful. In general, any method that attempts to estimate post-intervention
or post-abatement blood lead concentrations (for example, EPA's IEUBK Model or "slope
factor" models) should take into account not only the changes in environmental lead
concentrations that may occur as the results of abatement or intervention, but also the
changes in the pathways to childhood exposure that may occur following abatement or
intervention.

Finally, one should recognize that any environmental lead abatement or intervention
may be limited in its ability to reduce blood lead concentrations in currently lead-burdened
children. It appears that, in the first year after abatement, at most 40 to 50 percent of the
child's previous blood lead burden may be removable by soil abatement or any other
combination of abatements and interventions apart from medical treatment by chelation.
Thus, there may be a greater effect of lead abatement in preventing lead exposure for future
versus current residents, but this possibility cannot be readily assessed, if at all, on the basis
of the existing "Three-Cities Lead Study" data sets evaluated in the present report.

6.2.3 Application of Findings to Conceptual Framework of Soil and Dust
Exposure Pathways

This •fefnted assessment attempts to answer the following question: If residential soil
is abated will blood lead concentrations decline? To confirm or reject this soil lead/blood
lead hypothesis, this report builds a framework of logical arguments described below. Each
step of the pathway from soil to blood must be scrutinized closely and related data examined
in detail. This means that if dust lead derived from soil is not ingested, either directly or
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after passing through other sources, then blood lead concentrations cannot respond to changes
in soil lead concentrations.

1 There is a substantial amount of lead in soil.

Lead was measured in soil in the range of less than 50 ^g''g to more than
18,000 M g ' g If a parcel of 100 m2 had an average of 500 ng Pb/g soil, then the
upper 2 cm of soil on this parcel (about 4,000,000 g) would contain 2 billion /ig or
two kilograms of lead. Before abatement, there was an estimated 25,000
kilograms of soil lead on the participating properties of this project.

A 2-cm soil core was deemed better than a 15-cm core commonly used in previous
studies. When there is a decreasing gradient between the top and bottom of the
15-cm core, the effect is to dilute the concentration, giving a distorted picture of
what is available at the surface. In this project, some measurements were made of
the soil concentration in the bottom 2-cm of the 15-cm core in order to determine
the depth of excavation. The Boston study reported there was not a large gradient
between the top and bottom of the 15-cm core, as had been expected.

Finally, there is little information on the types of surfaces that a child plays on.
If these surfaces are mostly soil, as opposed to asphalt or concrete, then the soil
measurement may be a good estimate of exposure. However, exterior dust is
probably a better estimate of exposure from hard play surfaces (item 5 below).
Exterior dust represents lead from several sources, including soil, and may also be
a better estimate of the lead transferred to household dust.

2 Lead in soil must be connected by environmental pathways to other compartments
of the child's environment, such as exterior dust.

Limited evidence for this statement was shown in the Cincinnati study. In the
Cincinnati study, the relationship between soil and exterior dust was found to be
very weak, giving rise to the next statement.

3 There are sources of lead other than soil that contribute to exterior dust.

the changes in lead in soil do not account for all of the changes in exterior
it is reasonable to conclude from the Cincinnati study that there are other

for lead in exterior dust. In Cincinnati, the soil parcels were generally not
on the individual properties of the participating families, as was the case in Boston
and Baltimore. There are no measurements of exterior dust in the Boston or
Baltimore studies.

4. Lead in exterior dust can also move into other components of the child's
environment, such as interior dust.

In the Cincinnati study, when exterior dust lead concentrations changed, interior
dust lead concentrations also changed. This was especially obvious when the
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exterior dust sample closest to the residence was compared to the interior floor
dust sample taken just inside the entry way door

A living unit with 130 or of floor space (1,400 ft2) and 1.000 ̂ g Pb/m:

(a relatively high value from tables in Section 3.3) would have 130.000 pig of lead.
or less than 0.01% of the lead available from soil in paragraph 1 above (see
Figure 6-1). Additional lead would be in rugs, upholstered furniture, and window
areas.

5. There are sources of lead other than exterior dust that contribute to interior dust.

Taken individually, none of the studies decisively demonstrated this effect The
most obvious source of lead inside the home is lead-based paint, which was
common in the Boston and Baltimore studies, but less important in the Cincinnati
study. Because neither Boston nor Baltimore measured exterior dust,
measurements of interior dust in these studies cannot easily be broken down into
contributions from lead-based paint and from exterior dust. However, structural
equation analyses on the Boston study showed a strong influence of both interior
and exterior lead-based paint on interior dust.

6. Lead in soil can move directly onto the child's hand.

Conceptually, the transfer of lead from soil to the child's hand is difficult to
measure. A child playing outside usually gets soil on his/her hands, but it is not
certain whether this soil is adequately represented by a composite of 2 cm soil
cores.

7 Lead in exterior dust can move directly onto the child's hand.

There is no portion of these studies that directly measures this effect. Baltimore
reported that the lead loading on hands increased during the summer months, by
inference due to the increased playtime outside. During the interviews with the
family, questions were asked in all three studies about the activity patterns of the
children, including the amount of time spent outside. In the Cincinnati study, the
child was observed during the interview period and the handwipes were taken at
the ad of the interview.

8. Lad to interior dust can move directly onto the child's hand.

In moat cases, when interior dust changed, hand dust changed. Because hand dust
lead is only a measure of the amount of lead on the hand, not the concentration nor
the amount of dust, it is difficult to make a quantitative estimate of this pathway.
It is not likely that the amount of dust on the hand is strictly a function of the
amount of dust on the playing surface, as there is probably an equilibrium effect
where some dust falls off after time, depending on such facton as moisture content
of dust and soil, and conditions on the hand surface. There is no aspect of these
studies that could measure this interesting problem.
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2 kg Pb in Soil
(500 ppm)

0.13gPb
in dust

(1,000

D 1.6 kg Pb in paint
(2 mg/cm2)

0.5 kg Pb in paint
(0.9 mg/cm2)

Figure 6-1. Total amounts of lead in various compartments of a child's environment,
using the assumptions for concentration (soil, top 2 cm) or lead loading
(dust and paint) in parentheses. Although house dust is only a small
fraction of the total lead in the child's environment, it is the most accessible
component. The concentrations and loadings are illustrative, not typical.

9. Lead in interior dust can also move into other components of the child's
environment, such as food.

This pathway was not investigated by any of the three studies. Measurements of
lead in food before and after kitchen preparation would be required. Conceptually,
this lead and other routes such as the direct mouthing activities on toys, furniture,
ad window sills is included in the measurement of interior dust when the
••imfinrm is made that a child ingests about 100 mg dust/day by all routes and
trough all activity patterns.

10. There are sources of lead other than dust that contribute to the child's lead
exposure.

In this project, lead was measured in drinking water once or twice during each
study. Low ambient levels (ca. 0.1 ng/uc?) of lead in air (typical of U.S.
metropolitan areas in 1990) were assumed, as were national averages of lead in
food. Ethnic food preferences and individual use of cosmetics or other lead
containing products were not investigated.
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6.3 INTEGRATED PROJECT CONCLUSIONS
The main conclusions of this Integrated Report report are two- fold:
(1) When soil is a significant source of lead in the child 's environment, under certain

conditions, the abatement of that soil will result in a reduction in exposure that
cause a reduction in childhood blood lead concentrations.

(2) Although these conditions for a reduction in blood are not fully understood, it is
likety that five factors are important in determining the magnitude of any possible
reduction: (1) the past history of exposure of the child to lead, as reflected in the
preabatement blood lead; (2) the initial soil lead concentration the magnitude of
the reduction in soil lead concentrations; (3) the initial intenor house dust lead
loading and the magnitude of the reduction in house dust lead loading: (4) the
magnitude of other sources of lead exposure, relative to soil; and (5) the strength
of the exposure pathway between soil and the child relative to other lead
exposure pathways in the child 's environment.

The basis for the first conclusion is: in Boston, where the soil lead concentrations were
high and the contribution from lead-based paint was reduced by paint stabilization, there was
a measurable reduction of blood lead concentrations. This reduction continued to increase
for two years following abatement in Boston.

Conversely, in Baltimore and Cincinnati, where soil was not a significant source of lead
relative to other sources, there was no measurable reduction of blood lead except in cases
where those sources were also removed or abated. In Baltimore, these sources may have
been interior lead-based paint that was not stabilized, or house dust that was not abated
In Cincinnati, the principal source of lead seemed to be neighborhood dust that may have
been contaminated with lead-based paint.

The basis for the second conclusion is: in those cases where all important elements of
the exposure pathway were available for assessment, the structural equation model analyses
showed that pnabatement blood lead concentration was a major predictor of postabatement
blood lead, •Besting that the remobilization of bone lead is a major component of the
measured blood lead.

All other factors being equal, the measurable reduction in blood lead was observed only
at higher concentrations of soil lead. In the absence of information about other sources of
lead, no clear statement can be made about the possibility of smaller reductions in blood lead
at lower soil lead concentrations.
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In spite of the recent successes in reducing exposure to lead by removing lead from
gasoline and canned food, lead exposure remains a complex issue This integrated
assessment attempts to assess exposure to lead in soil and house dust. Lead in soil and
lead-based paint are closely linked in the child's environment. If there is extenor lead-based
paint, then soil lead is likely to be elevated with a consequent elevation in house dust lead

If there is interior lead-based paint, then efforts co reduce the impact of soil lead on house

dust will be only partially effective. The maximum reduction in lead exposure will not be
achieved unless both paint and soil abatement are implemented.

There is evidence from all three studies that lead moves through the child's
environment. This means that lead in soil contributes to lead in street or playground dust,
lead in exterior paint contributes to lead in soil, and lead in street dust contributes to lead in
house dust. A more detailed analysis of the data may show the relative contribution from
rwo or more sources, but the present analyses imply that this transfer takes place.

The analysis of the data from the three studies showed evidence that blood lead
responds to changes in house dust lead. There is also evidence for the continued impact of
other, independent sources following abatement of one source. This means that abatement of
soil or exterior paint does not necessarily reduce the contribution of lead from other sources
such as interior lead-based paint.

The conclusions of this report suggest that soil abatement can have a measurable effect
on reducing exposure to lead if there is a substantial amount of lead in soil and if this soil

lead is the primary source of lead in house dust. In such cases, both soil abatement and
interior dust removal should be performed to be fully effective. In addition, if soil
abatement is carried out, then paint abatement should also be considered, where appropriate,
to lessen the probability of recontamination of soil and/or house dust. Likewise, soil
abatemett should be considered in conjunction with paint abatement when it is likely that soil
will otherwise continue to contaminate house dust after a paint abatement is completed.

From one perspective, decisions about soil abatement need to be made on an individual
home basis. This report shows that, on an individual house basis, soil abatement may
potentially reduce the movement of lead into the home and its incorporation into house dust.
The magnitude of this reduction will depend on the concentration of lead in the soil, the
amount of soil-derived dust that moves into the home, the frequency and methods of cleaning
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in the home and the cleanability of the home The number and ages of children and the
presence of indoor/outdoor pets are factors known to increase rate of dust movement,
whereas frequent cleaning with an effective vacuum cleaner, use of entry dust mats, and
removing shoes at the door serve to reduce the impact of soil lead on house dust.

From another perspective, soil abatement at the neighborhood level poses problems not
pertinent to individual homes. Playground, vacant lot, and other plots of soil may pose an
immediate problem if they are accessible to children and there is a direct pathway for dust
generated by this soil to enter the home. Likewise, sources of lead other than soil may
contribute more to exterior dust than soil itself. The evidence in this report suggests that the
key to reducing lead exposure at the neighborhood level is to abate significant sources of lead
contributing to exterior dust, in addition to the soil and paint abatement that would be
performed on an individual property.
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APPENDIX A:

GROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

The data in Table A-l were derived using the PROC UNTVAJRIATE feature of SAS 6.10
(SAS, 1994). The treatment groups are as described in Chapter 5, using data identical to
that plotted in Figures 5-8 through 5-32. Data for blood lead concentration and hand lead
are calculated with one value for each child; for floor and window dust, one arithmetic mean
value for each living unit; and for soil, one arithmetic mean value for each property or soil
parcel. The group assignments and numbers of individuals are different from the individual
study reports and different also from the summaries of these reports in Chapter 4. In
particular, the data are different from Tables 4-2 through 4-4.
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TABLE A 1- GROUP MEAN
SAMPLE TYPE, TRK

PARAMETERS FOR EACH STUDY
ATMENT GROUP, AND ROUND

BY

Boston
SMfteTyfe

Soil Pb Cow.
WR)

Floor Dusl Pb Cone.
<Mg'8>

Floor Dusl Load
(mg/m7)

Treatment
Group

BOSSP1

BOS PI S

BOS PS

BOSSPI

BOS PI S

BOS PS

BOSSPI

Round
1
2
3
4
1
3
4
1
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3

N
35
26
35
21
36
35
22
30
30
17
40
38
31
28
39
34
32
27
33
35
32
21
40
38
34

16 K Tl.
1485
83
50
83

1469
1460
88

1355
1493
50

1087
611
553
550
1256
669
749
400
1060
692
922
550
909
11 16
689

Ql
1678
98
70
100
1813
1480
161
1611'
1572
no

1152
657
692
619
1429
865
870
517

1441
807
1170
644
II 24
13 33
8 15

Median
<Q2)
2413
125
113
174

2477
2148
278
2268
2115
204
2420
974
876
726
2582
1302
1198
806
2536
1130
1504
862

23 56
22 78
15 20

Q*
3367
160
192
284
3300
3286
505
3890
3880
240

4662
1867
1383
1182
4380
1568
1591
1450
4496
1660
2063
1250

69 86
62 (X)
29 76

H4 l>( 11
4(121)
190
380
297

4400
3813
570

4064
4240
350

9775
3112
2409
1568
5764
1960
1902
2500
8599
3228
2743
1485
81 01
94 59
45 88

Mean
2625
139
234
206

2831
2S02
429
2728
2679
307

6682
3203
1291
1219
4278
1481
1173
1192
5334
1525
1948
1041

51 03
53 14
25 63



TABLE A-l (cont'd). GROUP MEAN PARAMETERS FOR
SAMPLE TYPE, TREATMENT GROUP, AND

EACH STUDY BY
ROUND

Boston
Staple Type

Floor Dun LM*
(mg/m1)

Floor Dust Pb Load
0*g/m2)

Window Dust Pb Cone.
O*/*)

Treatment
Group

BOS PI S

BOS PS

BOS SPI

BOS PI S

BOS PS

BOS SPI

Round
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1

N
28
40
34
32
21
33
32
29
21
40
38
31
28
39
34
32
27
33
35
32
21
41

16 PCTL
17 36
987
775
5 37
16 12
992
928
7.79
992

2641
7 84
4 51
12 87
1930
995
7.47
13 14
26.03
779
605
868
5840

Ql
24 15
1080
14 57
9 38
1701
15 25
11 78
1034
1333 •
34 94
12.76
7 60
1603
36.02
13.58
906
15 71
37.94
10.61
13 63
1390
8732

Median
(Q2)
31 29
24 39
2706
17 17
31 00
3968
32 24
18.35
36.85
59 82
2648
18 27
24 03
6795
3566
20 78
2821
86.50
3087
2548
3708
15262

Q3
60 35
41 85
47 86
37 77
50.10
7068
55 80
3509
76.88
124 26
73.33
30.33
58 59
20703
66.85
45.87
56.07

208.11
96.70
6899
65 97
28510

84 HOI
8887
6696
69 11
44 95
54 56
87 63
94 24
50.84
86 30
181 43
192 96
82.12
117 99
240 13
91.48
6689
67 72
43966
13564
8709
73 78
44187

Arithmetic
Mean
50.90
38.86
41 31
2700
37 22
4697
4695
28 75
5592
34948
244 39
18 93
55 17
117 80
53 40
19 15
3958

30342
85 32
65 87
55 25
22277



TABLE A 1 (cont'd). GROUP MEAN PARAMETERS FOR
SAMPLE TYPE, TREATMENT GROUP, AND

EACH STUDY BY
ROUND

Boston
Swpblfel

Window Dwl ft CMC
G*/l>

Window Dusi Load
(mg/m2)

Treatment
Group

BOS PI S

BOS PS

BOS SPI

BOS PI S

BOS PS

Round
2
3
4
1
2
3
4
I
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4

N
41
38
24
41
37
37
24
35
37
37
19
41
41
38
24
41
37
37
24
35
37
37
19

16PCTL
4657
3823
2983
3535
2824
2459
2023
242 1
2709
1441
2947
70
122
157
228
106
126
161
92
74
83
91
169

Ql
5533
4957
4587
8299
5610
5879
3322
4457
4542
1522
4457
133
249
226
385
159
228
262
155
142
135
239
185

Median
<Q2)
12103
21781
8780
22670
11527
18039
6870
20057
17867
14601
12350
295
440
391
919
304
380
570
500
239
239
504
797

Q3
22756
44533
16035
36022
30085
43803
10475
60517
27941
46108
24050
630
706
780
1404
522
712
1095
766
444
595
990
976

84 PCTl.
24975
53447
21950
47284
34197
52794
19267
69988
50334
51872
24647
796
913

932
2579
757
1174
1516
993
629
949
1957
1279

Arithmetic
Mew
15250
26723
14336
25565
15922
28975
8844
30491
22537
26290
14060
450
592
662
1326
624
583
785
556
494
762
834
829



TABLE A-l (cont'd). GROUP MEAN PARAMETERS FOR
SAMPLE TYPE, TREATMENT GROUP, AND

EACH STUDY BY
ROUND

Boston
Sample Type

Window DM Pb Load

W«f)

Hand Pb Load
(^g/pair)

Treat meni
Group

BOS SPI

BOS PI S

BOSP

BOS SPI

BOS PI S

BOS PS

Round
1
2
3

4

1

2

3
4
1

2
3
4
1

2
3
4
1
2
3
4
1

2
3
4

N

41

41

38
24

41

37

37

24
35
37
37
19
54

54

53
33
51
49
46
32
47
46

46
26

16 PTTL
1440

1050

1892

1252

1045

556

1388

701

282

513
187
1569
9 4

8 2

8 8

110

10

9
12
15
10

9 1

97

97

Ql
1953

1268

2944

1777

1819
1657

3071

1089

1294
1303
2906

1638
11.00

1000

1300

1600
11 00

11 00

9 30
13.00

1000

980

14 00

1600

Median
<Q2)
7673

5228

6485

5402

8295

5330

6566

2553

4817

5119

6408
6018

13 00

12 50
17.00

22 00

1300

14.00
15 50

1950

1200

1200

1800

2000

Q3
16401

9396

12797

20982

16998

13112

15451

6092

20608
14086

18833
28169

1700

1700

21 00

31 00

15 00
17 00

2000
25 50

1700
18 (Ml

26 00

2600

84 KTl.

20110

1 U73

19538

26748

24872

17658

41927

9175

28691

16121

36907

30796

17

20

23

29

20

19

29
29

22

20

24

17

Arithmetic
Mean
11143
7207
12792
14425
26774

9326

17612
5654

35798

12164

1 34 1 2
12677
14 97

14 52
1806

24 82

13 97

14 44

18 10
21 20

14 88

16 18

21 99

22 64



TABLE A-I (cont'd). GROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

Boston

Cincinnati

SMptoiype
Blood Pt CMC
<*g/dL)

Soil Pb Cone
<MB/g)

Treatment
Group

BOSSPI

BOS PI

BOSP

TIN SEI <P)

CIN 1 SE (B)

CIN 1 SE (D)

Round
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3

N
54
54
54
33
51
48
49
32
47
46
46
26
112
104
104
100
100
101
103
26
26
26
26
26
26
26

92
88

16 PCTl.
8
6
6
4
8
5
8
5
8
6
7
5

45
0
17
21
23
22
23
25
45
53
61
40
33
35
-

157
155

Ql
10.00
600
7 00
5 00
900
600
900
5.50
900
800
800
600
79
0
18
24
25
24
25
42
50
58
62
49
41
37

219
228

Median
<Q2)
13 00
1000
1000
1000
1200
800
11 00
8.00
1200
9.00
11 50
1000
273
0
28
41
38
42
37
89
87
93
99
64
52
55

758
667

Q3
1600
13.00
14 00
1300
1500
1200
1400
1000
1400
12 00
14 00
13 00
1190
88
64
78
112
122
117
107
115
131
126
93
79
77

1561
1400

K4 PCTL
I H
16
16
17
17
13
16
I I
17
14
15
13

1889
188
138
156
187
298
194
122
145
144
131
95
91
92

2216
1787

Arithmetic
Mean
13 19
10 31
II 70
10 88
12 37
8 85
II 49
7.89
12.02
983
I I 3 5
9%
991
166
132
140
163
198
167
122
117
153
277
67
59
68

1141
966



TABLE A-l (cont'd). GROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

Cincinnati
SM*teType

SoilPbdw
0<S/l>

Floor Dust Pb Cone.
<Mg/g)

Treatment
Group

CIN I SE (F)

CIN NT (G)

CIN NT (M)

CIN SEI (P)

Round '
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4

N
86
84
82
88
46
48
49
48
48
48
47
118
120
120
119
120
119
121
44
55
49
49
48
47
48
30
30
30
25

16 PCTI
155
15
19
20
56
63
76
74
16
17
27
0
0
31
27
34
32
26
52
70
71
78
90
85
63
197
224
194
222

Ql
307
17
22
24
104
125
108
93
21
19
32
8
17
46
41
43
45
38
100
139
109
109
no
102
132
247
239
210
286

Median
<Q2)
768
29
41
68
608
760
294
379
37
70
50
69
114
124
97
99
109
111
349
637
338
277
349
363
416
366
362
327
478

Q)
1424
155
156
465
1421
1740
1159
1109
605
1406
713
221
268
308
180
216
202
197

1179
1376
795
509
673
848
860
610
585
520
608

84 l'( II.
l')28
782
82)
1002
2034
2142
1795
1453
1172
2557
1 2 ) 1
357
4 1 1
520
229
347
299
313
1728
1503
1120
978
976
942
1028
805
680
627
91)

Arithmetic
Mean
1064
351
334
508
1045
1256
817
814
511
929
8)5
176
202
573
187
192
179
169
809
1013
654
525
613
501
530
566
463
462
617



TABLE A 1 (cont'd). GROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

Cincinnati

.-.— — ——

SM»lfl>P»
Floor Dun Pb Co«c
Wf)

- - -

Treatment
Group

CIN I SE (B)

C1N 1 SE (D)

CIN I SE (F)

CIN NT (G)

Round
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
I
2
3
4
5
6
7
1
2
3
4
5

_

N
24
-

10
9
8
3
1
-
-
23
22
23
25
21
-

23
23
22
29
22
-

31
28
29
41
35

16 PCTI
0

-
118
252
304
401
0

236
245
192
292
0
-
-

247
244
267
257
0
-
-
93
126
125
110
0

Ql
0

173
351
324
401
0

333
317
250
384
0
-
-

273
335
290
319
0

125
152
145
122
0

Median
(Q2>
0

310
403
480
405
0
-

414
418
414
498
0

-
469
453
392
392
0
-
-

187
209
184
180
<\

Q3
0

510
499
637
527
0

-
533
752
574
747
0
-
-

833
1291
640
957
0
-

332
274
259
249
0

84 P< TL
0

548
1662
638
527
0

618
826
623
856
0

1233
1748
757
1191
0

475
311
3(12
351
0

Arithmetic
Mean
0
1

5%
650
469
444
0

441
496
448
580
0

897
908
526
1123
0

269
252
216
223
0

oo



TABLE A-l (conl'd). GROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

Cincinnati
SaopkType

Floor DIM ffc Coac
to/I)

Roor Dust Load
(mg/m7)

Trcaimeni
Group

CIN NT (M)

CIN SEI (P)

CIN 1 SE (B)

CIN 1 SE (D)

Round
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7

N
-
9
9
6
14
IS
-
-

30
30
30
25
-
-
-

10
9
8
3
-
-
-

23
22
23
25

-
-

16 PCTl.

274
213
184
219
0
-
-

88
36
83
62

-
-

45
1!
21
85
-
-
-

72
22
47
203

-
-
-

Qi

316
341
211
255
0
-

106
53
93
84

57
22
39
85
-
-
-

80
24
86

304

Median
(Q2)

292
562
371
434
0
-

380
136
135
197

127
31
79
137

-
-

231
36
119
775

Q3

462
699
485
660
0

2248
397
307
796

-

1274
53
96
266

-
-
-

573
80
263
1745

84 K II

766
724
552
772
0

4833
1428
358

2123

1433
103
106
266

1269
178
331

3752

Arithmetic
Mean

-
591
594
362
781
0

1714
942
285
784

1869
45
86
163

-
791
296
205
3289



TABLE A 1 (conl'd). (JROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT (;ROUP, AND ROUND

Cincinnati
SaopteType

Floor Ditfl Load
(mg/m7)

Floor Dust Pb Load
Gig/m3)

Treatment
Group

CIN I-SF. <F)

CIN NT <G)

CIN N T ( M )

CIN SEI (P)

Round
1
2
3
4
5
6
7
I
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7

N
23
23
22
29

-
31
28
29
41

9
9
6
14
-

-
30
31
30
25
24

-
-

16 pen
87
21
68
154

45
49
88
67

86
56
14

111

-

20
9
25
13
6
-
-

Ql
KM)
31
77
293

-

60
79
108
102

105
89
98
186

-

32
14
27
33
34

-

Median
<Q2)
207
52
195
420

-

138
138
152
196

-
-

207
115
258
319

-
-

168
78
54
131
77

-

Q-l
1 140
103
257
623

532
209
223
345

319
139
333
1161

-

1173
215
101
523
264

84 PCIL
3817
122
301
986

911
275
309
646

332
143
438
1887

1645
319
129
923
580

Arithmetic
Mean
2839
116

177
704

501
127
202
499

258
151
233
1102

867
633
180
674
323



TABLE A-l (cont'd). GROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

Cincinnati
SaapkType

Floor Dm Ik LMd
(Mg/m*)

Treat mcni
Group

CIN I SE (B)

CIN I SE (D)

CIN 1 SE (F)

CIN NT (G)

Round
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6

N
10
9
8
3
1
-
-

23
22
23
25
21

-
23
23
22
29
23
-
-

31
28
29
41
30

16 PCT1.
12
4
9
34
19

28
6
20
116
25

21
9
22
60
10
-
-
8
12
15
10
21
-

Qi
12
5
10
34
19

30
8
27
145
48

-

43
12
36
112
16
-
-
15
14
18
15
26
-

Median
<Q2)
40
9

41
55
19

123
19
70
298
149

-

124
28
74
176
87

35
29
31
22
70

Qi
417
26
58
140
19

208
36
108

1273
544

-
794
64
141
546
208

-

81
64
59
86
133

M KTL
657
171
61
140
19

525
51
116

1579
750

3022
180
157
945
629

196
78
76
233
221

Arithmetic
Mew
4494
47
38
77
19

282
37
94

1611
434

5753
102
95

662
204

-
140
78
42
118
141



TABLE A-l (cont'd). GROUP MEAN PARAMETERS FOR
SAMPLE TYPE, TREATMENT GROUP, AND

EACH STUDY BY
ROUND

Cincinnati
SMpbiyp

Floor Dim Ft Laid
0»g/m')

Window Dust Pb Cone.
0*/*>

Treat mcni
Group

CIN NT (M)

C1N SEI (P)

CIN I SE (B)

CIN 1 SE (D)

Round
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7

N

9
9
7
14
14
-

30
28
28
25
24

-
10
8
8
3
1

-
23
18
23
25
21

16 PCTI

27
20
3
80
47

-
507
460
540
796
211

-

726
519
472
813
1119

-
886
700
633
1216
411

Ql

48
25
3
81
52

"

729
658
674
987
246

-

2370
603
578
813
1119

1091
1106
1027
1377
538

Median
(Q2)

89
59
53
128
141

-
1552
1309
929
1934
505

-
-

2803
806
1168
1077
1119

-
-

1835
1969
1318
1972
758

03

129
81
161
513
438

-
-

2672
1776
1568
3373
702

-
-

3897
1220
2749
3345
1119

-
2534
2509
2225
2761
1305

.

84 PTTL

141
81
161
1007
598

3627
3144
1919
6524
764

6575
1331
3740
3345
1119

3214
3100
2229
2952
HI6

Arithmetic
Mean

-
247
143
90
516
284

-

2775
3012
1210
4165
758

4115
2796
1695
1745
1119

-

2663
1980
1519
7180
1313



TABLE A-l (cont'd). GROUP MEAN PARAMETERS FOR
SAMPLE TYPE, TREATMENT GROUP, AND

EACH STUDY BY
ROUND

rinciiuuli
SMMpkType

Window Owl ft Cone
0*8/1)

Window Dull Load
Oig/m?)

Treaimenl
Group

CIN 1 SE (F)

CIN NT (G)

CIN NT (M)

CIN SEI (P)

Round
I
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
I
2
3
4
5
6
7

N
21
23
22
29
23
-
-
31
29
28
41
29
-
-
9
8
7
15
IS
-
-
30
28
28
25
24
-
-

16 PCTl
511
771
538
1202
243

-

313
323
152
414
170

-

381
312
292
1993
426

-
52
%
80
192
553

-
-

Qi
1202
1165
635
1355
272

510
485 •
210
543
188

920
642
292
2058
429

137
112
110
663
613

-

Median
<Q2)
2015
2118
1442
2397
495

-

914
736
488
1092
276

-
1365
1467
643
3852
684

-

729
443
254
4524
966

Ql
2751
8285
2696
3323
1047

-
2222
1446
1216
2096
427

1903
4969
1716
14612
989

3479
1083
507
21259
1389

K4 l>( Tl
I585J
1-1673
4723
7345
1144

3259
2481
1900
2535
507

4231
8314
1716
17304
1126

9217
1563
675
34180
1699

Arithmetic
Mean
7409
7488
2959
4309
857

2151
1347
870
1495
334

3637
5868
1515
7416
1269

-
10396
33%
531
20554
1092



TABLE A-l (cont'd). GROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

Cincinnati
SM^toType

Window Duff Load
(tag/of)

Treat me in
Group

C1N l -S fc (B)

CIN 1 SE (D)

CIN 1 SE (F)

CIN NT (G)

Round
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7

N
10
8
8
3
1

-
23
18
23
25
21
-

21
23
22
29
23

-
-

31
29
28
41
28

16 KT1
177
61
68
225
164

-
316
56
73
898
266

-
113
120
89

935
248

-
-

208
89
189
IS44
404

-
-

Qi
330
62
100
225
164

-

544
113
115

3574
399

-
-

178
205
111

4231
329

-
-

340
316
212
2767
483

-

Median
(Q2)
517
222
179

1514
164

-
1831
327
257
7623
697

-
-

1139
397
239
9632
649

-
-

2621
2733
311
8200
711

Q3
6659
830
630

34180
164

-

6146
1230
790

17658
979

-
-

4381
3748
472

17374
977

-
5292
11895
1040
16956
1198

-

«4 WTl,
8%7
I H 2
702

34180
164

14201
9390
1200

34994
1189

-

13300
5530
1203

29250
1216

9615
20524
1909

31488
1540

Arithmetic
Mew
4436
636
355

11972
164

6147
2719
798

18088
1334

14711
4223
1071

15903
720

-
-

4473
16777
809

19333
897



TABLE A-l (cont'd). GROUP MEAN PARAMETERS FOR
SAMPLE TYPE, TREATMENT CROUP, AND

EACH STUDY BY
ROUND

Cincinnati
<«i«yff Type

W.noowb̂ 'U-
mg/m3)

Window Dusi Pb l>oad
Oig/m7)

Treat mem
Group

CIN NT (M)

CIN SEI (P)

CIN 1 SE (B)

CIN 1 SE (D)

TIN 1 SF-: (E;)

Round
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1

N
9
8
7
15
IS
-

30
31
28
25
24

10
9
8
3
1
-
-
23
22
23
25
21
-

21

16 PCTL
349
66
200
971
329

39
48
84
287
223

344
32
36
753
183
-
-

736
37
68
1973
263

88

Ql
409
80
200
2164
451

101 .
81 '
149
386
266

492
50
63
753
183

875
60
131
4145
290

111

Median
(Q2)
1151
474
405
3863
704

1083
488
243
15499
400

1207
190
147
1231
183

3056
1%
353

14412
413

2619

Q3
1412
4270
681
13530
1139

9654
1618
380

45741
446

25185
363
1658
36808
183

10656
3274
1041
42127
727

I 3974

84 PCTl.
2170
4298
6HI
19250
1176

14707
5112
1165
86750
547

25949
441
2082
36808
183

19575
3627
1818

1 10094
1XK»

546 IH

Arithmetic
Mean
1660
1894
418
8526
783

35225
67715
610
53635
459

44601
5375
980
12931
183

51999
5040
1408

253299
1120

171538

LA



TABLE A 1 (cont'd). GROUP MEAN PARAMETERS FOR
SAMPLE TYPE, TREATMENT CROUP, AND

EACH STUDY BY
ROUND

Cincinnati
SMffciypc

Window DM fi Load
G /̂m*)

Entry Dust Pb Cone.
0>c/t)

Treaimcni
Group

CIN NT (G)

CIN NT (M)

CIN SE1 (P)

TIN I-SE (B)

Round
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1

N
23
22
29
23

31
29
29
41
29
-
-
9
9
7
IS
15
-
-

29
31
30
24
24
22
17
10

16 KTl.
183
129
1600
215

70
122
49
824
133

-
230
34
58

2763
244

-
-

133
383
206
119
25
202
149
186

Qi
357
174

9845
243

2£4
217
63

2144
141

-
-

438
64
58

4490
276

-
-

224
432
258
264
44
209
264
272

Median
<Q2)
1137
355

29293
331

2080
1209
126

13777
217

-
1731
360
361

30480
381

-
-

338
666
436
495
213
384
492
321

Q*
12563

1073
80592
401

8995
12089
810

29431
250

1996
6980
694

84100
721

-

753
957
816
873
1123
588
830
591

K4 P<Tl.

25653
2044

101884
461

22246
47537

1103
41924

309
-

7362
8711
694

121949
752

868
1239
899
1414
5397
770
869
761

Arithmetic
Mean
14090
2831

77791
355

12028
27483
1016

26585
241

-
-

31%
6070
678

62282
508

493
1118
560
761
1579
443
825
784



TABLE A 1 (cont'd). GROUP MEAN PARAMETERS FOR
SAMPLE TYPE, TREATMENT GROUP, AND

EAC H STUDY BY
ROUND

Cincinnati
SaaylcType

Entry D«| Pt Cone
(Mft'K)

Treat ment
Group

CIN 1 SE (D)

CIN I SE (F)

CIN NT (G)

CIN NT (M)

Round
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1

N
9
8
3
I
2
1
22
22
23
25
21
21
18
22
22
22
29
23
24
18
30
27
29
39
29
35
31
9

16 PCTL
249
337
45
56
482
279
272
356
311
475
73
310
292
241
367
231
224
19
222
217
87
182
193
151
18
139
205
334

Qi
413
366
45
56
482
279
361
184
354
590
95
329
395
299
465
270
303
21
269
384
119
190
222
181
28
193
223
355

Median
<Q2)
470
445
428
56
703
279
528
636
690
831
184
657
708
563
630
410
390
67
427
478
243
305
309
295
56
309
270
473

Q3
508
564
580
56
925
279
758
1013
1042
1010
661
1208
899
872
1007
755
814
118
1173
779
363
458
362
490
280
469
442
621

84 IVTI
2188
573
580
56
925
279
1 1 1 2
1148
1524
2012
1091
1170
982
1185
1463
973
1131
1637
1455
856
447
550
478
581
453
530
469
1482

Arithmetic
Mean
855
512
351
56
703
279
655
695
876
1254
1365
912
735
998
1159
1963
744
1241
850
554
306
449
332
417
606
404
338
1918



TABLE A-l (cont'd). GROUP MEAN PARAMETERS FOR EACH S
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

IUDY BY

Cincinnati
SMptlVre

Entry Dun Pfe Cow
(*g/g)

Entry Dust Load
(mg/m2)

Treat mem
Group

CIN SEI (P)

CIN 1-SE (B)

CIN I-SE (D)

Round
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6

N
9
7
15
15
12
9
29
31
30
24
24
22
17
10
9
8
3
1
2
1
22
22
23
25
21
21

16 PCI I.
392
168
328
69
259
285
108
35
112
259
42
62
105
49
29
56
249
48214
115
260
56
31
62
377
2493
83

Ql
407
168
455
101
328
482
133
48
145
407
3118
64
143
118
36
80
249
48214
115
260
88
39
69
419
3512
93

Median
(Q2)
577
437
883
355
579
642
481
114
230
590
12671
97
301
273
49
284
1156
48214
139
260
375
59
192
2591
12796
179

Qi
811
797
3902
952
1423
1711
23077
2601
837
4060
63462
344
1183
833
79
357
42535
48214
163
260
863
125
362
6266
27000
339

H4 It'll.
1185
797

1 1096
3153
2078
4891
98101
K144
1425
26992
92160
426
5020
1543
323
371

42535
48214
163
260
1024
144
570
14322
37500
622

Arithmetic
Mean
1053
5*J8
3967
7878
983
1727
38881
6479
4920
8088
40218
314
2250
197532
1009
258
14647
48214
139
260
745
159
723
8989
21517
1081

>
oo



TABLE A 1 (cont'd). GROUP MEAN PARAMETERS FOR
SAMPLE TYPE, TREATMENT GROUP, AND

EACH STUDY BY
ROUND

Cincinnati
SMpfeTypc

Entry Dwl Ut4
(rug/*1)

Entry Dust Pb Load
Wn2)

Treat mcni
Group

C1N 1 SE <F)

CIN NT (G)

CIN NT (M)

CIN SEI (P)

Round
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4

N
18
22
22
22
29
23
24
18
30
27
29
39
29
35
31
9
9
7
15
15
12
9
30
31
30
25

16 PCTL
214
81
38
48
130
359
59
109
60
141
159
165
3541
53
190
54
51
65
105
424
35
523
8
19
30
38

Ql
261
101
63
68
244
11066
80
199
135
193
212
236
7521
75
367
415
56
65
197
660
61
1020
20
24
42
140

Median
<Q2)
534
346
116
107
913
40299
182
632
300
244
296
435
34364
165
952
550
223
222
1341
4265
102
1616
117
113
168
252

Q3
1628
1005
203
291
4371
128571
926
3059
1312
604
447
3007
93103
369
1931
1776
379
299
7889
13745
440
5417
7009
1385
274
2284

84 prn.
4160
5S37
285
622
7605
142105
2191
4856
2462
723
500
8824
150000
1789
3388
3642
415
299
11616
27000
2989
14591
31229
14272
1171
8496

Arithmetic
Mean
1741
3649
169
574
9648
62379
891
3335
7776
2002
341
34584
64155
3306
26981
17224
506
233
4899
14109
662
5298
17609
8693
2965
1141)7



TABLE A-l (cont'd). GROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT CJROUP, AND ROUND

Cincinnati
SojtoType

Entry D«« ft Load
Wo?)

TreatiiKMii
Group

CIN I SE (B)

CIN I-SH (D)

CIN 1 SE (F)

CIN NT (G)

Round
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2

N
24
22
17
10
9
8
3
1
2
1

22
22
23
25
21
21
18
23
23
22
29
23
24
18
31
28

16 pen
326
13
27
9
12
41
52

2720
79
73
24
19
30

349
1922
43
79
16
19
16
77
588
29
30
13
30

Ql
963
21
34
40
12
52
52

2720
79
73
29
20
56
359

2321
61
190
30
28
19
102

1523
45
56
16
42

Median
(Q2)
2521

57
151
82
18
92
107

2720
93
73

223
40
177

2015
2720
118
379
146
88
44
308

2720
126
216
72
83

Q3
2720
123
907
493
97
201

24681
2720
107
73

641
55
247

5037
2720
319
576

2375
218
204
2406
2720
538
1864
305
219

«4 WTL
2720
219

2468
524
164
213

24681
2720
107
73
865
75
272
8463
2720
353

2770
4723
250
1612
7275
2720
907
4303
482
514

Arithmetic
Mean
1944
152

3646
892408
2279

117
8280
2720
93
73
516
155
546

17160
2331
710
2327
12898
254
513

10238
2101
668
2500
1148
513

too



TABLE A-l (cont'd). CROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

Cincinnati
SoHpkTypc

Eniry DvtflfeLMd
Wm2)

Street Dust Pb Coot

0«g/B>

Treat mcnt
Group

C1N NT (M)

CIN SEI (P)

GIN I-SE <B)

Round
3
4
5
6
7
I
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7

N
29
40
35
35
31
9
9
7
IS
15
12
9

105
85
75
66
89
-
-

47
47
35
37
42

-

16 pen.
40
33

1523
13
41
12
36
44
41
292
21
128
521
515
326
453
601

-
-

554
334
387
509
758

-

Qi
73
49

1523
16

118
250
36
44
57

453
48
549
661
757
458
684
749

-
-

728
643
535
893
955

-
-

Median
<Q2)
89
155

2720
46
242
387
74
81

4477
1523
84

1544
1286
1182
647
994
1294

-
-

1407
1001
978
1298
1499

Ql
I K )
959
2720
2 1 1
641
1218
177
177

12649
1889
209
2764
2764
2024
988
2900
3171

-
-

1878
1656
1331
1709
1966

8-4 K II
214
3022
2720
4W
nn
7D52
1862
177

13532
2321
1310

86636
4127
2839
1526
3603
3756

2275
1790
1688
3191
2184

Arithmetic
Mean

117
29691
2104
1211
16089
25345

736
100

26587
1414
439

21735
2319
1900
1097
1836
2386

-

1452
1172
1927
1933
1836



TABLE A-l (cont'd). GROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

Cincinnati
SMpitTypi

Street Dint PbCtnc
G4/g)

Treatment
Group

CIN 1 SE (D)

CIN 1 SE (F)

CIN NT (G)

CIN NT (M)

Round
1
2
3
4
5
6
7
1
2
3
4
5
6
7
I
2
3
4
5
6
7
1
2
3
4
5

N
20
22
18
19
21

-
33
42
34
41
42
-
-

15
27
14
17
14
-
-

33
35
35
35
35

16 PCTI,
635
566
331
439
671

-
1147
662
525
809
1058

-
-

75
43
117
165
84
-
-

793
520
473
542
562

01
680
696
405
461
708

-

• •
1283 '
835
715
876
1197

-
-

118
131
132
192
86
-
-

964
512
512
615
655

Median
(02)
1262
1457
I O N
1207
1024

-
-

1681
1274
1273
1520
2055

-
-

212
263
229
283
162

-
-

1217
584
584
1157
884

03
5384
2056
1616
1766
4973

-
2553
2123
2406
3491
4606

-
-

343
389
325
337
357

-

1903
785
785
1433
1671

84 KTL
5768
2164
1956
1982
5245

4085
3631
5207
4832
6088

348
452
352
397
367

2138
1930
865
1801
1908

Arithmetic
kl^MWIM1

2782
1488
1178
1491
2982

2371
2948
2239
2741
3793

-
238
276
261
288
234

-

1480
670
670
1258
1494 '

K>
K>



TABLE A-l (cont'd). GROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

Cincinnati
SaapteTypc

Street DMI Pfc Cow
0<t/D
Sidewalk Dutl Pb Cooc
W*>

Treat mem
Group

C1N SEI (P)

CIN 1 SE (B)

CIN I SE (D)

CIN 1 SE (F)

Round
6
7
1
2
3
4
5
6
7
I
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3

N

84
60
49
48
74

-
-

61
44
36
37
45

-
19
24
22
20
30
-
-

38
45
33

16 PCTL

788
923
464
773
885

765
745
790
808
887

-

776
748
449
669
394

1471
1065
961

Ql

1007
1240
575
930
1078

-

- •
1375
1055
1163
1167
1066

-
1037
1228
484
794
516

-

1760
1420
1284

Median
(Q2)

1809
2004
1478
1910
2139

2376
2330
2691
1646
1899

-
1801
2060
1294
2090
1696

4456
3941
3103

Q3

4862
4622
2730
5779
6310

-
4093
4820
4928
5130
3677

3087
4577
5050
4738
3929

9915
6215
5587

84 KTL.

7565
8408
5307
7581
8493

5777
5983

6171
9525
5232

4128
5758
5125
5720
5890

11142
7611
9846

Arithmetic
Mean

-
-

3999
3748
3519
4150
4534

3448
1599
3882
3853
3261

1899
3577
2961
3413
3155

6318
4727
4819

K)
Ul



TABLE A I (cont'd). GROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

Cincinnati
SM|te1>pe

Sidewalk DM ft Cone
G*/|)

Hand Wipe Pb Load
(/»K/pair)

Treat mem
Group

CIN NT <G>

CIN NT (M)

CIN SEI (P)

CIN 1 SB (B)

Round
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
1
2
3

N
35
42

27
41
27
25
23

37
41
36
31
34

51
51
35
37
30
24
16
11

16 PCT1
1177
1307

114
101
165
146
101

495
693
533
631
477

-
4
2
2
4
4
4
4
4

Ql
1466
1777

152
158
227
178
121

938
856
686
761
564

-
-

5.00
300
300
7.00
7.00
5.00
7.50
4 00

Median
(Q2)
3365
3125

-
-

304
297
304
315
233

-
1377
1410
1203
1 101
1199

-
-

600
6.00
5.00
12.00
12 50
17 50
12 00
7 00

Q3
9892
5371

486
541
482
369
425

-
2539
4441
1999
4924
2714

-
11 00
1000
800

21 00
1900
33 00
3800
1000

84 PCTL
12393
7334

823
631

535
490
511

3636
5683
2634
7706
2967

14
14
10
28
24
41
45
I I

Arithmetic
Meaa
6442
4505

399
390
343
314
272

2310
2947
1886
3219
2448

12 14
8 37
594
17 73
1603
24 17
21 81
6 45



TABLE A-l (cont'd). GROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

Cincinnati
SaapkType

Hand W|p *> Loot
0»i/P»ii)

Treat mem
Group

CIN I SE (D)

CIN 1 SE (F)

CIN NT (G)

CIN NT (M)

Round
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1

N
5
4
-
-

43
43
32
41
34

-

30
33
30
48
34
-
-

46
48
34
58
46

-
-

10

16 PCTL
2
3
-

4
3
2
5
4

-
2
3
2
2
4

-
1
0
0

1
2
-
-
1

Ql
200
300

-
5.00
300
2.00
8:00
4 00

4.00
4 00
300
5 50
6.00

-
-

1.00
1 00
1.00
0

200
-
-

2.00

Median
(Q2)
200
3.00

7.00
700
5 00
12 00
9 50

-

6 50
600
5 50
900
800

-
-

3.00
2.50
300
3 50
5.00

7 <K)

Q3
5 00
3 00

15 00
14 00
12 50
2900
14 00

13 00
I I ( M )
900
19 50
1600

-
500
5.00
4.00
700
7 00

18.00

84 HCTL
6
3

34
24
15
35
21

19
13
I I
26
29

6
6
5
10
10

21)

Arithmetic
Mean
3.40
3.00

-

14 09
11 19
7 1 3
18 93
I I 2 9

I I 5 7
7 79
7 67
12 54
13 97

4 74
340
2 88
4 52
5 91

10 60

>
I

K>



TABLE A 1 (cont'd). GROUP MEAN PARAMETERS EOR EAC II STUDY BY
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

Cincinnati

SMpkType
Hand Wipe Pb Load
(Mg/pwr)

Blood Pb Cone
<Mg/dU

Treat incni
Group

Cin SEI (P)

TIN 1 Si: (B)

CIN I-SE (D)

CIN I SE (F)

Round

2

3
4

5

6

7

1

3
4

6

7

1

3

4

6
7
I

3
4

6

7
L

3

4
6
7

N

II

7

24

15

-

56

52

46
37

31
24

14

8

5
2

44

43
47

44

43

35
35
49

46
36

16 PTT1

1

2

2

5

4 98

3 46

5 46

505

5 31

7 Jl

6 48

7 14

2 68
797

7 51
592
4.90

5%
680

645

548

3 63

504
5 65

Ql
600

2

4 50
5.00

6 37

4 69
6 47

6(M

5 75

8 46

693

7.61

602
7 97

865
7.35

5 96
6.54

7.03

760

600

4 67

5 41
6 96

Median
<Q2)
1000

0

8.50
1000

-

962

7.00
7 99

7 89

8 34

13 12

9 74

9.40

7.72
8 4 3

12.59

1039

10.40
869

898

945

800
7 59

7 53

8 82

Q3
15 00

4.00

1900

20 00

14.88

10.74

14 78

10 54

12.25
21.39

II 49

11.70
9 70

8 90

17 96

1688

14 98
14.10

17 19

14 28

1 1 00

13 38

1009

12 31

K4 KTL

18
4

25
28

17 04

11 42

15 8K

14 K9

K)(H)

26 16

13 96

11 IK)

10 50

8.90

20.14

1800

17.95

15 26

21 89

16 10

12 49
2005

12 44

1904

Mean
10.09
1 71

14 96
27 6

10.94

8 26

10 17

9 31

9 88
15 19

9 80

9 53

7 32

8 4 3
13 85

II 72

1200
10.82

1309
1 1 4 1
902
10 12

8 80

II 70



TABLE A-l (cont'd). GROUP MEAN PARAMETERS FOR
SAMPLE TYPE, TREATMENT GROUP, AND

EACH STUDY BY
ROUND

Cincinnati

Baltimore

Staple Type
Blood PfcOM*
0<S/dL)

Soil Pb Cone

(Mg/8)

Floor Dust Pb Cooc.

W»)

Floor Dusi Load
(mg/m2)

Floor Dual Pb Load
<Mg/m2)

Treatment
Group

CIN NT (G)

CIN NT (M)

BALSP

BAL PI
BAL P 2
BALSP
BAL PI

BAL P 2
BALSP
BAL PI
BAL P 2
BALSP
BAL PI
BAL P 2

Round
1
3
4
6
7
1
3
4
6
7
1
4
1

1

1
1

1

1

1
1

1
1

I

N

46

42

62

53

48

12

11

24
23
IS
56
56
45
6
64
50
5

64
50
5
64
50
5

16 PCTL
5 05

3 00

2 80
4 10

4.58

2 50

346

7.17

4 35

7.17
274

7
354

148
542
488

443

21 2

12 3
260
20 3
137

42.2

01
5 %
4 47

3.57

4 63

5 31

6.69

346

803

5 44

7 39
374

12
372
167

884

859

708

24 6
169
604

33 6

195

504

Median
(02)
848

5 92

5 32

5 25

6 19

II 84

648

II 91

9.47

8 59
511

29

515

182
1771

1939

1130

41 9
33 1

120

780
63 3

5 7 4

03
1072

7 00

7.27

7.47

8 22

16 91

II 49

15 33

12.04

16 40
674

73

650

214

3495

3875

2292

763
48 1

122
144

146
66 1

84 PtTL

12 12

9 95

1008

9 24

949

19 15

13 96

1935

13 56

17 55
739

105
815

239

5066

6966

2448

92 3
60.7

123

232
239

287

Arithmetic
Mean
9.02
635
611
6 51
7 21
11 63

805

12.44

920

II 30
532

69

568
189

3226

6032

1404

53 2

390

90.2
146
160

101



TABLE A 1 (cont'd). CROUP MEAN PARAMETERS FOR EACH STUDY BY
SAMPLE TYPE, TREATMENT GROUP, AND ROUND

Baltimore
Stop* T»e

Hand Wipe Load
(fig/pair)

Blood Pb Cone.
0»g/dL)

Treatment
Group

BALSP

BALP 1

BAL P 2

BALSP

Round

1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5

N

78
77
104
103
99
95
72
72
79
79
80
79
7
7
8
8
7
8
78
77
104
103
99

16 PCTl

4 62
3 50
2.20
1 90
4.00
600
3 49
4 38
2 20
2 20
500
5.00
508
397
2.80

0
900
9.00
699
6.55
620
5.63
590

Ql

567
5 13
400
2 90
600
600
4 52
5 29
3.30
2.70
700
6.00
5.08
3.97
3.05
1.05
9.00
10.50
8.49
800
7.07
640
7 10

Median
(Q2)

863
7.87
680
5.88
11.00
1000
8.43
905
7 10
4 30
13.00
10.00
624
7.39
665
459
1300
13.00
1245
1075
987
865
9 85

Q3

13.73
16 13
1047
9.20
17 00
1700
13 37
1502
12.00
690
21.50
15 00
14.09
10.39
804
6 50
1900
1700
1695
13 85
1309
II 55
13 49

K4 IVTI

18 26
19.51
15.70
13.40
2400
22 00
14 92
21 58
14 00
9 10
2900
1900
1409
10 39
900
704
1900
1900
18 35
16 35
1620
1404
14 75

Mean

I

11 45
13J8
8 84
8 41
13 01
14.43
9 85
1508
8 66
6 1 1
17.40
12 78
9 39
999
640
5.40
IS 86
15 88
12 87
II 87
I I 1 3
9 73
I I 2 7

>
I

00



TABLE A-l (cont'd). GROUP MEAN PARAMETERS EOR
SAMPLE TYPE, TREATMENT GROUP, AND

EACH STUDY BY
ROUND

Baltimore

Sample Type
Blood rtCoK

Wl)

Treat mem
Group

BA1. P 1

BAL P 2

Round

6

1

2
3

4

5

6

1

2

3
4
5

6

N

95

72

72

79
79

80
79
7

7

8
8
7

8

16 pen.
6 25

6 66

6 30

5 95

4 74

5 10

4 90

6 85

7 05

4 95
640
5 49

5 25

01
7 45

7 54

7 20

6 55

5 54

5 82

5.70

6 85

705

507

6 4 2
5 49

5 57

Median
(Q2)
10 15

II 12

10.34
905

7.40

800

8 10

10.85

8.29

7.77

7.59

8 15

7.22

CM
12 70

15 (X)

ii 65
12 90

10 85

1 1 05

II 90

13.50

II 35

8.72

9.10

1005

1002

84 l'( Tl.

14 7(1

17 15

IS 45

14 45

12 85

14 60

I 5 ( K )

11 50

1 1 15

9.45

9 15

1005

1005

Aruhmelic
Mean
10.90
1237
|l 05
10.37
902
9 35
9.73

10 42

8 7 1

7 22

7 57

8 11

7 80



APPENDIX B:

THE P-VALUES FOR THE TABLES IN CHAPTER 5



TABLE B-l. P-VALUES FOR TABLE 5-1. PREABATEMENT CROSS-SECTIONAL
STRUCTURAL EQUATION MODELS FOR BOSTON STUDY

FLOOR DUST LEAD CONCENTRATION
SEM EQUATION
COEFFICIENTS

INTERCEPT Gir

S
L
0
P
E

Floor - Blood g

Soil - Blood p

Window - Blood p

INTERCEPT Cgr

S
L
0
P
E

Soil - Floor

Window -• Floor
V

INTERCEPT Ggr

S
L
0
P
E

Floor - Blood B r

Soil — Blood p r

Window -• Blood _
dust Pb cone v

Window - Blood _
dust Pb load |r

INTERCEPT Cr

S
I.
o
P
E

Soil - Dust nuv
Window -• Floor _
dust Pb cone v

Window - Floor
dust Pb load |r

Model 1
0.0001

0.5199

0.0037

0.5030

0.0001

.
0.0001

0.3774

0.2354

0.4051

0.0001

Model 2 Model 3
00001 00001

0.4447 0.3555

04423

0.0041 0.0035

0.4149 0.5026

0.0001 0.0001

FLOOR DUST
0.0001 0.0001

0.3412 0.3459

0.4611

0.0338 00303

0.6178 06436

0.0008 0.0011

Model 4
00001

0.5553

0.2589

0.0034

0.4957

0.0001

LEAD LOADING
0.0001

0.4130

0.2332

0.2435

0.3678

0.0001

ModelS
00001
0.0027

0.1231

0.0031

0.4537

0.0001

0.0001
0.4926

0.3658

0.0303

0.6295

0.0011

Model 6
0.0001

0.1150

0.0010

00107

0.0001

0.1840

0.0044

0.0221



TABLE B-2. P-VALUES FOR TABLE 5-2. PREABATEMENT CROSS-SECTIONAL
STRUCTURAL EQUATION MODELS FOR BOSTON STUDY:

BLOOD LEAD TRUNCATED (9-22 ng/dL)
FLOOR DUST LEAD CONCENTRATION

SEM EQUATION
COEFFICIENTS

INTERCEPT Ggr

S
L
0
P
E

Floor - Blood B

Soil - Blood p r

Window -* Blood p

INTERCEPT Cgr

S
L
O
P
E

Soil - Floor
Dgr

Window -* Floor
Lgr

Model 1
0.0001

0.1786

0.0217

0.3386

0.0001

Model 2

00001

0.1849

0.1457

0.0241

0.0360

0.0001

Model 3

0.0001

0.1961

0.1697

0.0235

0.3118

0.0001

FLOOR DUST

INTERCEPT G,,

S
L
0
P
E

Floor - Blood Bgr

Soil - Blood Fgr

Window - Blood f
dust Pb cone *r

Window - Blood p
dust Pb load «'

INTERCEPT C^
S
L
O
P
E

Soil — Dust D

Window -• Floor ,
dust Pb cone ^
Window -• ROOT .
dust Pb la* ir

Model?
0.0001

0.1832

0.3562

0.3302

0.0001

Model 8
0.0001

0.2025

0.0304

0.7126

0.0050

Model 9
0.0001

0.2954

0.1807

0.0288

0.7664

0.0043

Model 4

0.0001

0.9114

0.3622

0.8260

0.0245

0.3143

0.0001

Model 5

0.0001

0.0178

0.0806

0.0125

0.3973

0.0001

Model 6

00001

0.1041

0.0026

0.0270

LEAD LOADING

Model 10
0.0001

0.1929

0.1271

0.3757

0.3395

0.0001

Model 11
0.0001

0.1763

0.3898

0.0282

0.7870

0.0041

Model 12
0.0001

0.0699

0.0071

0.0451



TABLE B-3. P-VALUES FOR TABLE 5-3. PREABATEMENT CROSS-SECTIONAL
STRUCTURAL EQUATION MODELS FOR CINCINNATI STUDY:

DUST TYPE MODELS
DUST LEAD CONCENTRATION ALL AGES

SEM EQUATION-
COEFFICIENTS
INTERCEPT

Slope: Dust -
Slope: SoU -*
INTERCEPT
Slope: SoU -

Blood
Blood

Dust

Gl
B
F
C,
D

With No Soil - Blood Slope

Floor
0.0001
0.3647

...

0.0001
0.0001

Entry Window Floor
.0008
.3081
...

.0001

.0006

.0051

.3947
—

.0001

.0075

0.0031
0.9984
0.7063
0.0001
0.0001

With Soil -

Entry
.1603
.0001
.0706
.0001
.0009

Blood Slope

Window
9967

9997
9995

.0001
0075

Soil
00001

...

0.3015
0.0001
00001

DUST LEAD LOADING ALL AGES

INTERCEPT
Slope: Dust -
Slope: SoU -
INTERCEPT
Slope: SoU -

INTERCEPT
Slope: Dust -
Slope: SoU •*
INTERCEPT
Slope: Soil -

Blood
Blood

Dust

Blood
Blood

Dust

INTERCEPT
Slope: Dust — Blood
Slope: SoU •*
INTERCEPT
Slope: Soil •»

Blood

Dust

Gg

B
F

C,
D

G«
B
F
C.
D

G.
B
F
C,
D

.0001

.5829
—

.2788

.0051

.7219

.0046
...

.0020

.0870

.0352

.2544
—

.3536

.0885

.0001
4486
...

.2644

.0409
DUST LEAD

.4987

.2169
...

0684
0518

DUST
.0001
.0001

—
.2802
.7528

.0001

.7328
...

.0657

.7441

.0001

.1529

.3231

.2964

.0049

0001
.7449
.7617
.2536
.0506

CONCENTRATION for AGE 42 +
.7807
.2881
...

.0025
0691

LEAD
.0001
.0001
...

.3109
8682

.0001
0001
.0549
.0113
.0602

LOAD for AGE
.0003
.0001
.0355
.4705
.0779

.0002

.0001

.0554

.0581

.2108

.0001

.7918

.3478

.0759

.6443
MONTHS

.0002

.0001

.0304

.0023

.0905

0001
—

.3421

.2943

.0049

.0001

.0503
0100
0686

42 4- MONTHS
.1287
.0883
.7934
.3427
6516

.0003

.0001
0305
.3327
9976

.0001

.0425
3995

.0903



APPENDIX B:

THE P-VALUES FOR THE TABLES IN CHAPTER 5
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TABLE B-l. P-VALUES FOR TABLE 5-1. PREABATEMENT CROSS-SECTIONAL
STRUCTURAL EQUATION MODELS FOR BOSTON STUDY

FLOOR DUST LEAD CONCENTRATION
SEM EQUATION
COEFFICIENTS

INTERCEPT Ggr

S
L
0
P
E

Floor - Blood B

Soil - Blood p

Window -* Blood p

INTERCEPT Clt

S
L
0
P
E

Soil - Floor

Window -* Floor

INTERCEPT Ggr

S
L
0
P
E

Floor - Blood 3 r

Soil - Blood p|r

Window -* Blood _
dust Pb cone v

Window - Blood f
dust Pb load *r

INTERCEPT C|r

S
L
O
P
E

Soil - Dust D

Window -• Floor n
dust Pb cone v

Window -* Floor _
dust Pb load *r

Model 1
0.0001

0.5199

0.0037

0.5030

0.0001

.
0.0001

0.3774

0.2354

0.4051

0.0001

Model 2 Model 3
0.0001

0.4447

0.0041

0.4149

0.0001

0.0001

0.3412

0.0338
0.6178

0.0008

0.000 1

0.3555

0.4423

0.0035

0.5026

0.0001

FLOOR DUST
0.0001

0.3459

0.4611

0.0303

0.6436

0.0011

Model 4
00001

0.5553

0.2589

0.0034

0.4957

0.0001

LEAD LOADING
0.0001

0.4130

0.2332

0.2435

0.3678

0.0001

Model 5
00001
0.0027

0.1231

0.0031

0.4537

0.0001

0.0001
0.4926

0.3658

0.0303
0.6295

0.0011

Model 6
0.0001

0.1150

0.0010

00107

0.0001

0.1840

0.0044

0.0221
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TABLE B-2. P-VALUES FOR TABLE 5-2. PREABATEMENT CROSS-SECTIONAL
STRUCTURAL EQUATION MODELS FOR BOSTON STUDY:

BLOOD LEAD TRUNCATED (9-22
FLOOR DUST LEAD CONCENTRATION

SEM EQUATION
COEFFICIENTS

INTERCEPT

S
L
0
P
E

Floor - Blood

Soil - Blood

Window -• Blood

INTERCEPT

S
L
O
P
E

Soil - Floor

Window -* Floor

Model 1
Gtr 0.0001

Bgr

Fgr 0.1786

Fv
Cv 0.0217

Dgr 0.3386
.

Lgr 0.0001

Model 2

00001

0.1849

0.1457

0.0241

0.0360

0.0001

Model 3

0.0001

0.1961

0.1697

0.0235

0.3118

0.0001

FLOOR DUST

INTERCEPT

S
L
0
P
F

Floor -• Blood
Soil - Blood

Window -• Blood
dust Pb cone
Window -• Blood
dust Pb load

INTERCEPT
S
L
O
P
E

Soil - Dust

Window -* Floor
dust Pb cone
Window -• Floor
dust Pb kxri

Model 7
G,, 0.0001
B f

Fgr 0.1832

V

P
v

Cv 0.3562

Dgr 0.3302

Lv 0.0001

L

"

Model 8
0.0001

0.2025

0.0304

0.7126

0.0050

Model 9

0.0001
0.2954

0.1807

0.0288

0.7664

0.0043

Model 4

0.0001

0.9114

0.3622

0.8260

0.0245

0.3143

0.0001

Model 5

0.0001

0.0178

0.0806

0.0125

0.3973

0.0001

Model 6

00001

0.1041

0.0026

0.0270

LEAD LOADING
Model 10
0.0001

0.1929

0.1271

0.3757

0.3395

0.0001

Model 1 1
0.0001

0.1763

0 3898

0.0282

0.7870

0.0041

Model 12
0.0001

0.0699

0.0071

0.0451
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TABLE B-3. P-VALUES FOR TABLE 5-3. PREABATEMENT CROSS-SECTIONAL
STRUCTURAL EQUATION MODELS FOR CINCINNATI STLDY:

DUST TYPE MODELS
DUST LEAD CONCENTRATION ALL AGES

SEM EQUATION
COEFFICIENTS
INTERCEPT Gg

Slope: Dust -*
Slope: SoU -
INTERCEPT
Slope: SoU -

Blood
Blood

Dust

B
F

Cg

D

With No Soil - Blood Slope

Floor

0.0001
0.3647
...

0.0001
0.0001

With Soil -

Entry Window Floor
.0008

.3081
...

.0001

.0006

.0051

.3947
—

.0001

.0075

0.0031
0.9984
0.7063
0.0001
0.0001

Entry
.1603

.0001

.0706

.0001

.0009

Blood Slope

Window
.9967
9997
9995

.0001
0075

Soil
00001

...

0.3015
0.0001
00001

DUST LEAD LOADING ALL AGES •«_

INTERCEPT
Slope: Dust •»
Slope: SoU -
INTERCEPT
Slope: SoU -

INTERCEPT
Slope: Dust -
Slope: Soil •*
INTERCEPT
Slope: Soil -»

Blood
Blood

Dust

Blood
Blood

Dust

INTERCEPT
Slope: Dust - Blood
Slope: SoU •»
INTERCEPT
Slope: SoU -

Blood

Dust

Gg

B
F
ct
D

G,
B
F
Cg

D

G.
B
F
C,
D

.0001

.5829
—

.2788

.0051

.7219
0046
...

0020
.0870

.0352

.2544
—

.3536

.0885

.0001
4486
...

.2644

.0409

DUST LEAD
.4987
.2169
...

0684
.0518

DUST
.0001
.0001

—
.2802
.7528

.0001

.7328
—

.0657

.7441

.0001

.1529

.3231

.2964

.0049
CONCENTRATION for
.7807
.2881
...

.0025
0691

LEAD
.0001
.0001
...

.3109
8682

.0001
0001
.0549
.0113
.0602

.0001
7449

.7617

.2536

.0506
AGE 42 +

.0002

.0001

.0554

.0581

.2108

.0001

.7918

.3478

.0759

.6443

MONTHS
.0002
.0001
.0304
.0023
0905

.0001
...

.3421

.2943

.0049

.0001

0503
.0100
0686

LOAD for AGE 42+ MONTHS
.0003
.0001
.0355
.4705
.0779

.1287

.0883
7934
.3427
6516

.0003

.0001

.0305

.3327

.9976

.0001

.0425
3995

.0903
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TABLE B-4. P-VALUES FOR TABLE 5-4. PREABATEMENT CROSS-SECTIONAL
STRUCTURAL EQUATION MODELS FOR CINCINNATI STUDY: FLOOR DUST

SEM EQUATION
COEFFICIENTS

INTERCEPT Clt

S
L
0
P
E

Floor - Blood

Soil - Blood

Window -* Blood

INTERCEPT Ggr

S
L
0
P
E

Soil -* Floor

Window -• Floor

Model 1
0.0001

0.4202

0.0347

0.0037

0.0009

0.0002

FLOOR DUST LEAD CONCENTRATION

Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

0.0405 0.0486 0.9455 0.4629 0.3647

0.8660 0.7143 0.3015

0.7622 0.9645

0.0036 0.0037 0.0037 0.0037 0.0001 0.0001

0.0006 0.0009 0.0009 0.0009 0.0001 0.0001

0.0002 0.0002 0.0002 0.0002

Model 8
00031

0 9984

0.7063

0.0001

0.0001

FLOOR DUST LEAD LOADING

INTERCEPT Gfr

S
L
0
P
E

Floor - Blood

Soil - Blood

Window - Blood

INTERCEPT Gir

S
L
O
P
E

Soil -• Dust

Window -* Floor

Model 9
0.0001

0.4339

0.2831

0.5756

0.0026

0.0001

Model 10 Model 11 Model 12
0.0001 0.0001

0.4052 0.5829

0.4177 0.3421

0.3439

0.5611 0.2943 0.2788

0.0025 0.0049 0.0051

0.0001

Model 13
0.0001

0.1529

0.3231

0.2964

0.0049
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TABLE B-5. P-VALUES FOR TABLE 5-5. REPEATED MEASURES ANALYSIS OF
VARIANCE FOR BOSTON STUDY: EFFECT OF AGE REDUCTION

. IN BLOOD LEAD (Er) BETWEEN ROUNDS 1 AND 3
Age Group

Study
Abate

BOS SPI
BOS PI-S
BOS SPI

BOS SP!
BOS PI-S
BOS SPI

Group
Control

BOS P-S
BOS P-S
BOS PI-S

BOS P-S
BOS P-S
BOS PI-S

Ail Ages
(N»150)

0.0042
0.6157
0.0159

0.0064
0.6414
0.0212

0-17 Months 18-*1
(N = 19) (N

Response (E
0 7312
0.3844
0.2019

Log Response
0.7543
0.4093
0.2307

Months
= 100)
.)

0.0020
0.1280
0.0769

(Er)
0.0084
0.2917
00809

42-t- Months
(N-31)

0.4271
0.6163
0.2320

0.2465
09614
0.3186

TABLE B-«. P-VALUES FOR TABLE 5-6. REPEATED MEASURES ANALYSIS OF
VARIANCE FOR BOSTON STUDY: EFFECT OF AGE REDUCTION

IN BLOOD LEAD (Er) BETWEEN ROUNDS 3 AND 4

Study
Abate

BOS P-S
BOS PI-S
BOS PI-S

BOS P-S
BOS PI-S
BOS PI-S

Group
Control

BOS SPI
BOS SPI
BOS P-S

BOS SPI
BOS SPI
BOS P-S

All Ages
(N»147)

0.1222
0.0006
0.0788

0.3772
0.0217
0.1931

Age Group
0-17 Months 18-41

(N = 18) (N
Response (ET)

0.7834
0.4907
0.6295

Log Response (E
0.6609
0.6127
0.8366

Months
=98)

0.5365
0.0138
0.0761

if)
0.8137
0.0736
0.1280

42-1- Months
(N = 31)

0.1172
0.1007
0.9819

0.2065
0.3125
0.7795
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TABLE B-7. P-VALUES FOR TABLE 5-7. REPEATED MEASURES ANALYSIS OF
VARIANCE FOR BOSTON STUDY: EFFECT OF RACE OR SEX

Study Group
All

Rounds 1-3: (N=150) (
Rounds 3-*: (N =

Abate

BOS
BOS
BOS

SPI
PI-S
SPI

Control
BOS
BOS
BOS

P-S
P-S
PI-S

0
0
0

' 147) (

Group
Black Nonblack
N = 75) (N = 32)

; N >
Reduction

.0042

.6157

.0159

0
0
0

Reduction

BOS
BOS
BOS

BOS
BOS
BOS

BOS
BOS
BOS

P-S
PI-S
P-S

SPI
PI-S
SPI

P-S
PI-S
P-S

BOS
BOS
BOS

BOS
BOS
BOS

BOS
BOS
BOS

SPI
SPI
P-S

P-S
P-S
PI-S

SPI
SPI
P-S

0
0

.1222

.0006
0.0788

0
Reduction
.0064

0.6414
0.0212

Reduction
0.3772
0.0217
0.1931

0
0
0

in
0
0
0

in
0
0
0

= 74) (N-32)

Male
(N-80)
(N-78)

in Blood Lead (E,.) Between Rounds 1
.0502
.4116
.2670

0.2477
0.9031
0.1136

0
0
0

.0162

.9105

.0205
in Blood Lead (E,) Between Rounds 3
.0136
.0044
5798
Log Blood
.0644
.2843
.4432
Log Blood
.0136
.0044
.5798

0.5241
0.3577
0.1990

LeadfE,)
0.6097
0.4840
0.1178

LeadCE,)
0.9262
0.6607
0.8046

0 2881
0.0498
0.4091

Between Rounds
0.
0,
0.

0099
9756
0099

Between Rounds
0.
0.
0.

2881
0498
4091

Female
(N-70)

(N-69)

and 3
0.1306
0.5665
0.3213

and 4
0.2198
0.0039
0.0929

1 and 3
0.17%
0.5870
0.3987

3 and 4
0.2198
0.0039
0.0929
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TABLE B-8. P-VALUES FOR TABLE 5-8. REPEATED MEASURES ANALYSIS OF
VARIANCE FOR BOSTON STUDY: EFFECT OF TRUNCATION REDUCTION

IN BLOOD LEAD (Er) BETWEEN ROUNDS 1 AND 3
Truncation Category

Study Group

BOS
BOS
BOS

Abate

SPI
PI-S
SPI

BOS
BOS
BOS

Control
P-S
P-S
PI-S

7-24 Mg/dL
Age 18-*1: (N-100)
Age 42-52: (N -31)

Change in
0
0
0

.0020

.1280

.0769
Change in

BOS
BOS
BOS

BOS
BOS
BOS

BOS
BOS
BOS

SPI
PI-S
SPI

SPI
PI-S
SPI

SPI
PI
SPI

BOS
BOS
BOS

BOS
BOS
BOS

BOS
BOS
BOS

P-S
P-S
PI-S

P-S
P-S
PI-S

P-S
P-S
PI-S

0
0
0

Change
0
0
0

Change
0
0
0

.4271

.6163

.2320
in Log
.0084
.2917
.0809
in Log
.2465
.9614
.3186

10-19

(N =

Mg/dL
=67)

= 16)

Blood Lead for
0
0
0

.0129

.3616

.1021
Blood Lead for

0.7966
0.4695
0.3448

Blood Lead for
0
0

.0336

.5450
0.1189

Blood Lead for
0.7846
0 3759
0.2644

7-19 M
(N-

(N-

gydL
92)
29)

Age Group 18-41
0
0
0

.0039

.2665

.0590
Age Group 42-52

0.2969
0.8885
0.2733

Age Group 18-41
0.0115
0.3828
0.0810

Age Group 42-52
0.
0.
0.

1917
8064
3302

10-24 Mg.dL
(N=75)

(N =

Months
0
0
0

Months
1
0
o

Months
0
0
0.

Months
0.
0.
0.

= 18)

.0070
.1847
.1250

.00000-

.2901
,2901

,0270
4433

,1143

9389
2618
2367

TABLE B-9. P-VALUES FOR TABLE 5-9. REPEATED MEASURES ANALYSIS OF
VARIANCE FOR BOSTON STUDY: EFFECT OF TRUNCATION
REDUCTION IN BLOOD LEAD (E,) BETWEEN ROUNDS 3 AND 4

tody
AbM

BOSM
BOSP1-S
BOS PI-S

BOS P-S
BOS PI-S
BOS P-S

Group
Control
BOS SPI
BOS SPI
BOS P-S

BOS SPI
BOS SPI
BOS P-S

Truncation Category
7-24 ,ig/dL 10-19 Mg/dL 7-19j»g/dL

(N»31) (N-16) (N-29)
Change in

0.5365
0.0138
0.0765
Change in Log
0.8137
0.0736

Blood Lead for Age Group 18-41
0.2526 0.7232
0.0330 0.0788
0.3025 0.1618

Blood Lead for Age Group 18-41
0.2430 0.9443
0.0377 0.1479
0.3431 0.1689

10-24 ngidL
(N-18)

months
0.1696
0.0040
0.1368

Months
0.1739
0.0093
0.2295
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TABLE B-10. P-VALUES FOR TABLE 5-10. REPEATED MEASURES ANALYSIS
OF VARIANCE FOR CINCINNATI STUDY: EFFECT OF AGE IN BETWEEN

ROUNDS 1 AND 4

Study

Abate

CIN NT (G)
CIN SE1 (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN I-SE (D)
CIN I-SE (D)
CIN I - S E ( F )
CIN I-SE (F)

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN l-SE (D)
CIN I-SE (D)
CIN I-SE (F)
CIN I-SE (F)

-

Group
Control

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)
CIN NT (G)
CIN NT (M)
CIN NT (G)
CIN NT (M)

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)
CIN NT (G)
CIN NT (M)
CIN NT (G)
CIN NT (M)

All Ages
(N-223)

Age Group
9-17 Months 18-tl Months

(N-69) (N-80)

Reduction in Blood Lead (ET) Between Rounds 1
0.0729
0.0365
0.6023
0.0492
0.3640

0.0032
0.0016
0.2959
0.0595
0.2139

0.0014

0.0199
0.0534
0.5731
0.7196

Reduction in Log Blood
Between Rounds 1

0.0001
0.0046
0.0098
0.6488
0.5151

0.0722
0.5882
0.1038
0.9563
0.8852

LeadCE,)
and 4

0.0669
0.1986
0.1618
0.9666
0.7619

42 -t- Months
(N=70)

and 4
0.1783
0.1992
0.0173
0.0028
0.0818

0.5310
0.0384
0.0219
0.0078
0.0676
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TABLE B-ll. P-VALUES FOR TABLE 5-11. REPEATED MEASURES ANALYSIS
OF VARIANCE FOR CINCINNATI STUDY: EFFECT OF AGE IN BETWEEN

ROUNDS 4 AND 7
Age Group

Study Group
All Ages 9-17 Months

(N=69)
Months

<N=80)
42- Months

i N = 7 C h
Abate Control Reduction in Blood Lead (E.t Between Rounds 4 and 7

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEKP)

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

0.1440
0.4298
0.3201
0.9920
0.5164

0.3869
0.6781
0.5018
0.7354
0.5826

0.7044
08856
0.7442
0.6530
0.8982

Reduction in Log Blood Lead (E,) Between Rounds 4 and 7
CIN NT (G)
CIN SEI(P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

0.0622
0.1257
0.3429
0.7484
0.6793

0.6735
0.4815
0.8921
0.6539
0.7254

0.1227
0.1866
0.6276
0.3885
0.5682
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TABLE B-12. P-VALUES FOR TABLE 5-12. REPEATED MEASURES ANALYSIS
OF VARIANCE FOR CINCE

Study Group
Abate Versus Control

Abate

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

Control

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

VNATI STUDY: EFFECT OF TRUNCATION BETWE1
ROUNDS 1 AND 4

All 7-24

Truncation

*ig/dL

Category

10-19 Mg/dL
Reduction in Blood Lead (E.) Age 9-17

(N=69) (N
0.0014
0.0199
0.0534
0.5731
0.7196

Reduction m
(N-80) (N

0.0722
0.5882
0.1038
0.9563
0.8852

= 33)

0.4899

0.6991
0.4300
Blood Lead
-67)
0.1018
0.6432
0.1366
0.5682
0.6966

Reduction in Blood Lead

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

(N-70) (N
0.1783
0.1992
0.0173
0.0028
0.0818

=47)
0.4788
0.2337
0.0594
0.0107
0.3625

(N = 15)

0.8627

0.8599
0.6409

(E,) Age 18^1
(N-38)

0.0527
0.2596
0.1417
0.4924
0.7628

(E,) Age 42 +
(N-31)
0.5605
0.5561
0.2629
0.2353
0.9944

10-24 iig/dL
Months

Months
(N-43)

0.0521
0.3909
0.1048
0.3518
0.8940

Months
(N-36)
0.6069
0.6233
0.3350
0.1276
0.9834
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TABLE B-13. P-VALUES FOR TABLE 5-13. REPEATED MEASURES ANALYSIS
OF VARIANCE FOR CINCINNATI STUDY:

BETWEEN ROUNDS 1
EFFECT OF TRUNCATION

L AND 4
Truncation Category

Study Group
Abate Versus Control

Abate

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

Control

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

•
CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

All

Reduction in Log
(N=69)

0.0001
0.0046
0.0098
0.6488
0.5151

Reduction in Log
(N-80)

0.0669
0.1986
0.1618
0.9666
0.7619

Reduction in Log
(N-70)

0.5310
0.0384
0.0219
0.0078
0.0676

7-24 ,ig/L
Blood Lead (E,) Age 9-17

(N = 33)

0.6858

0.9496
0.2463

Blood Lead (E,) Age 18-41
(N-67)

0.1757
0.4559
0.2726
0.7355
0.6738

Blood Lead (E,) Age 42 +
(N-47)

0.1589
0.0941
0.0147
0.3864

10-19 tig/L
Months

(N-13)

0.9889

0.7852
0.7416 -

Months

(N-38)

Months
(N-31)

B-12



TABLE B-14. P-VALUES FOR TABLE 5-14. REPEATED MEASURES ANALYSIS
OF VARIANCE FOR CINCINNATI STUDY: EFFECT OF TRUNCATION

BETWEEN ROUNDS 4 AND 7
Truncation Category

Study Group
Abate Venus Control

Abate

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

Control

CIN NT (M)
CIN NT(G)
CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

All 7-24 Mg/dL

Reduction
(N-69)

0.3869
0.6781
0.5018
0.7354
0.5826

Reduction
' (N-80)

0.7044
0.8856
0.7442
0.6530
0.8982

Reduction
(N-70)

in Blood Lead
(N-33)

0.9241

0.4648
0.3079

in Blood Lead
(N-67)

0.8282
0.8166
0.7475
0.5430
0.8460

in Blood Lead
(N-47)

0.2750
0.2785
0.9935
0.5976
0.8317

10-19 pg/dL
(E,) Age 9-17

(N-15)

0.8588

0.7252
0.9711

(E,) Age 18-41
(N-38)

0.6802
0.8214
0.7602
0.6156

(E,) Age 42 +
(N-31)
0.3188
0.3822
0.9229
0.6980
0.8346

10-24 pg/L
Months

Months
(N-43)

0.9919
0.7274
0.8558
0.5004
0.8702

Months
(N-36)
0.2820
0.3515
0.9220
0.6659
0.8277
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TABLE B-15. P-VALUES FOR TABLE 5-15. REPEATED MEASURES ANALYSIS
OF VARIANCE FOR CINCINNATI STUDY: EFFECT OF TRUNCATION

BETWEEN ROUNDS 4 AND 7

Study Group
Abate Versus Control

Abate

CIN NT (G)

CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT (G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

Control

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

CIN NT (M)
CIN NT(G)
CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

CIN NT (M)
CIN NT(G)

CIN NT (M)
CIN I-SE (D)
CIN I-SE (F)

All

Reduction

( N=69)

Reduction
(N-80)

0.6735
0.4815
0.8921
0.6539
0.7254

Reduction
(N-70)

0.1227
0.1866
0.6276
0.3885
0.5682

Truncation Category

7-24 i^g/dU 10-19 (Mg/dL) 10-24 ug L
in Log Blood Lead (E,) Age 9-17 Months

(N =33) (N = 15)

0.5801

0.7779
0.8283

in Log Blood Lead (E,) Age 18-41 Months
(N-67) (N=38) (N-43)

0.8043
0.8345
0.8715
0.5018
0.6618

in Log Blood Lead (E,) Age 42 + Months
(N=47) (N-31) (N = 36)

0.5405
0.4497
0.8869
0.5114
0.7
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TABLE B-16. P-VALUES FOR TABLE 5-16. REPEATED MEASURES ANALYSIS
______OF VARIANCE FX)R BALTIMORE STUDY: EFFECT OF AGE

________________Age Group _____
All Ages < 18 Months 18-* 1 Months 42^ Months

______Study Group_________(N«463)_____(N»16)______(N-88)______(N = 161)
Abate______Control________Reduction in Blood Lead (E.) Berween Rounds 3 and 4

BAL SP BAL PI 0.8893 0.2790 0.8040 0.9097
BAL SP BAL P2 0.1625 0.3593 01168

_____Reduction in Blood Lead (E^ Between Rounds 3 and 6
BAL SP BAL PI 0.3676 0.9313 0.6495 0.7862
BAL SP BAL P2 0.6456 0.1654 06910

___Reduction in Log Blood Lead (E,) Between Rounds 3 and 4
BAL SP BAL PI 0.8563 0.9761
BAL SP BAL P2 0.9882 0.3854

____Reduction in Log Blood Lead (E,.) Between Rounds 3 and 6
BAL SP BAL PI ~~. 0.8420
BAL SP BAL P2 0.9683
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TABLE B-17. P-VALUES FOR TABLE 5-17. REPEATED MEASURES ANALYSIS
OF VARIANCE FOR BALTIMORE STUDY: EFFECT OF TRUNCATION

BETWEEN ROUNDS 3 AND 4
TRUNCATION CATEGORY

STUDY

ALL 10-19 10-24 7-19 7-24
<18: (N=16) < 1 8 : < N = 2) < 18: (N-4) <18:(N-15) <18:(N-7)
18-12: (N=88) 18^2: (N- 32) 18-42: (N -42) 18^*2: (N- 54) 18-42: (N- 64)

GROUP > 4 2 : < N = 161) >42: (N»47) >42: (N-53) >42:(N-110) >42:(N-120)

ABATE CONTROL

BALSP
BALSP

BAL PI
BAL P2

REDUCTION IN BLOOD LEAD (E,) FOR AGE < 18 MONTHS

REDUCTION IN BLOOD LEAD (E,) FOR AGE 1M1 MONTHS

BALSP
BAL SP

BAL PI
BALP2

0.8040 0.3455
0.3593

0.1255 0.6136

REDUCTION IN BLOOD LEAD (E,) FOR AGE 42+ MONTHS

BAL SP
BALSP

BALSP
BALSP

BALSP
BALSP

BAL SP
BALSP

BAL PI
BALP2

BAL PI
BAL P2

BAL PI
BAL P2

BAL PI
BALP2

0.9897 0.7233
0.1168
REDUCTION IN LOG

REDUCTION IN LOG

REDUCTION IN LOG
0.9761 0.5998
0.3854

0.8511 0.7934 0
0.2096 0

BLOOD LEAD (E,) FOR AGE < 18 MONTHS

BLOOD LEAD (Ef) FOR AGE 18-41 MONTHS

BLOOD LEAD (E,) FOR AGE 42+ MONTHS
0.6122 0.4523 0.

0.4184 0.

.8338

.3194

7741

4700
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TABLE B-18. P-VALUES FOR TABLE 5-18. REPEATED MEASURES ANALYSIS
OF COVARIANCE FOR BOSTON STUDY: EFFECT OF AGE AND LOG DUST

LEAD CONCENTRATION REDUCTION IN LOG BLOOD LEAD (E,) BETWEEN
ROUNDS 1 AND 3

Study Group
Abate Versus Control

BOS SPI

BOS PI-S

BOS SPI

BOS SPI

BOS PI-S

BOS SPI

BOS P-S

BOS P-S

BOS PI-S

BOS P-S

BOS P-S

BOS PI-S

All Ages
(N-142)

0.8014

0.1341

0.2106

Covahate: Log

0.9442

0.1334

0.1672

Age Group

9-17 Months 18-41 Months
(N-17) (N-97)

0.8276

0.3036

0.4492

Dust Pb Concentration

0.8363

0.2589

0.4131

0.3125

0.1323

0.5690

0.4275

0.1440

0.4895

42 f Months
(N = 28)

0.4279

0.5034

0.8213

0.4013

0.4962

0.8216

TABLE B-19. P-VALUES FOR TABLE 5-19. REPEATED MEASURES ANALYSIS
OF COVARIANCE FOR BOSTON STUDY: EFFECT OF AGE AND

LOG DUST LEAD AND SOIL LEAD CONCENTRATION REDUCTION
IN LOG BLOOD LEAD (E,) BETWEEN ROUNDS 1 AND 3

Study Group
Abate Versus Control

BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

Age Group
All Ages 9- 17 Months 18-41 Months
(N-142) (N=17) (N-97)

0.1845
0.5148
0.5601

42+ Months
(N-28)

0.7040
0.5661
0.6962

Covariate: Log Dust Lead Concentration
BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

0.4880
0.1557
0.4426

0.4556
0.6810
0.9828

Covahate: Log Soil Lead Concentration
BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

0.5469
0.6789
0.2891

0.8314
0.6742
0.5028
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TABLE B-20. P-VALUES FOR TABLE 5-20. REPEATED MEASURES ANALYSIS
OF COVARIANCE FOR: BOSTON STUDY EFFECT OF AGE AND LOG DUST
LEAD CONCENTRATION REDUCTION IN LOG BLOOD LEAD (£,) BETWEEN

ROUNDS 3 AND 4
Age Group

Study Group
Abate Versus Control

BOS SPI
BOS Pl-S
BOS SPI

BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

BOS P-S
BOS P-S
BOS PI-S

All Ages
(N-142)

0.6993
0.0367
0.0275

Covanate: Log Oust
0.7205
0.0245
0.0206

9-17 Months
(N-17)

0.4752

Lead Concentration
0.4608

18-41 Months
(N-97)

0.1995
0.0291
0.0026

42+ Months
(N-28)

0.5128
0.8716
0.5167

0.4667
0.9146
0.5090 "

TABLE B-21. P-VALUES FOR TABLE 5-21. REPEATED MEASURES ANALYSIS
OF COVARIANCE FOR BOSTON STUDY: EFFECT OF AGE AND LOG DUST

LEAD LOADING REDUCTION IN BLOOD LEAD (E,) BETWEEN ROUNDS 3 AND 4
Age Group

Study Group
Abate Versus Control

BOS SPI
BOS PI-S

BOS SPI

BOS P-S

BOS P-S

BOS PI-S

All Ages 9-17 Months
(N-128) (N-15)

0.8045

0.2436

0.1774

18-41 Months
(N-89)

0.5540

0.0558

0.1251

42+ Months
(N-24)

0.5013

0.2273

0.1596

Covanate: Log Dust Lead Loading

BOS SPI

BOS PI-S

BOS SPI

BOS P-S

BOS P-S

BOS PI-S

0.9244

0.0788

0.0700

0.5885

0.0167

0.0370

0.7092

0.1821

0.1568
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TABLE B-22. P-VALUES FOR TABLE 5-22. REPEATED MEASURES ANALYSIS
OF COVARIANCE FOR BOSTON STUDY: EFFECT OF AGE AND LOG DUST

LEAD CONCENTRATION ON BLACKS REDUCTION IN LOG
BLOOD LEAD (E,) BETWEEN ROUNDS 1 AND 3

Age Group
Study Group

Abate Versus Control
BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

All Ages 9- 17 Months
(N-71) ( N - l l )

0.5834
0.0185
0.0694

18-41 Months
(N=44)

0.2446
0.0070
0.0663

42 ^- Months
(N-16)

05699
0.4295
0.6882

Covahate: Log Dust Lead Concentration
BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

0.6832
0.0188
0.0583

0.3190
0.0078
0.0583

0.5484
0.4414
0.7043

TABLE B-23. P-VALUES FOR TABLE 5-23. REPEATED MEASURES ANALYSIS
OF COVARIANCE FOR BOSTON STUDY: EFFECT OF AGE AND

LOG DUST LEAD LOAD ON BLACKS REDUCTION
IN LOG BLOOD LEAD (Er) BETWEEN ROUNDS 1 AND 3

Study Group
Abate Versus Control

BOS SPI
BOS PI-S
BOS SPI

BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

BOS P-S
BOS P-S
BOS PI-S

All Ages
(N-71)

0.7408
0.2493
0.4199

Covariate: Log
0.8594
0.3266
0.3000

Age Group
9-17 Months 18-41 Months

( N * l l ) (N-44)
0.2904
0.0482
0.2902

Dust Lead Load
0.6841
0.1386
0.2902

42+ Months
(N = 16)

0.6548
0.7336
0.6941

0.6595
0.6151
0.7171
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TABLE B-24. P-VALUES FOR TABLE 5-24. REPEATED MEASURES ANALYSIS
OF COVARIANCE FOR BOSTON STUDY: EFFECT OF AGE AND LOG DUST

LEAD CONCENTRATION, SOIL LEAD CONCENTRATION ON BLACKS
REDUCTION IN BLOOD LEAD (Ej BETWEEN ROUNDS 1 AND 3

Study Group
Abate Versus Control

BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

All Ages
(N = 71)

0.6991
0.3351
0.5369

Covariate: Log Dust
BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

0.6574
0.0220
0.0603

Covariate: Log Soil
BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

0.8834
0.4605
0.5550

Age Group
9-17 Months 18-41 Months 42+ Months

(N = ll) (N=44) (N = 16)
0.3049
0.5147
0.8734

Lead Concentration
0.2806
0.0068
0.0451

Lead Concentration
0.9902
0.1370
0.1267

TABLE B-25. P-VALUES FOR TABLE 5-25. REPEATED MEASURES ANALYSIS
OF COVARIANCE EFFECT OF AGE AND LOG DUST LEAD LOADING ON

BLACKS IN BOSTON STUDY REDUCTION IN LOG BLOOD LEAD (E,)
BETWEEN ROUNDS 3 AND 4

Age Group
Study Group

Abac Versus Control
BOS SPI BOS P-S
BOS PI-S BOS P-S
BOS SPI BOS PI-S

All Ages 9- 17 Months
(N-128) < N » I S )

0.6347
0.3690
0.2207

18-41 Months
(N-89)

0.4728
0.0479
0.1276

42+ Months
(N-24)

0.4505
0.1304
0.1004

Covariate: Log Dust Lead Loading
BOS SPI BOS P-S
BOS PI-S BOS P-S
BOS SPI BOS PI-S

0.8309
0.1594
0.1431

0.4090
O.OIS2
0.0707

0.6792
0.1042
0.0983
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TABLE B-26. P-VALUES FOR TABLE 5-26. REPEATED MEASURES ANALYSIS
OF COVARIANC EEFFECT OF AGE AND LOG DUST LEAD CONCENTRATION

ON BLACKS IN BOSTON STUDY REDUCTION IN LOG BLOOD LEAD (E,.)
BETWEEN ROUNDS 3 AND 4

Study Group
Abate Versus Control

BOS SPI
BOS PI-S
BOS SPI

BOS SPI
BOS PI-S
BOS SPI

BOS P-S
BOS P-S
BOS PI-S

BOS P-S
BOS P-S
BOS PI-S

All Ages
(N-64)

0.80%
0.1268
0.1316

Covariate: Log Dust
0.8977
0.0859
0.1251

Age Group
9-17 Months 18-41 Months

(N=8) (N=40)

0.9335
0.0483
0.1710

Lead Concentration
0.9555
0.0349
0.1695

42-*- Months
(N-16)

0.9820
0.4692
0.5004

0.9438
0.4962
0.4878

TABLE B-27. P-VALUES FOR TABLE 5-27. REPEATED MEASURES ANALYSIS
OF COVARIANCE IN CINCINNATI STUDY REDUCTION IN BLOOD LEAD (E,)

BETWEEN ROUNDS 1 AND 4

Study

Log
Floor Dust

Group Concentration

Log
Log Log Floor

Entry Dust Window Dust Dust Pb
Concentration Concentration Loading

Abate Versus Control
CIN NT(G)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

CIN NT(M)
CIN NT(G)
CIN NT(M)
CIN I-SE<D)
CIN I-SE(F)

.8510

.7127

.7360

.4674

.7149

3061
.6939
.3876
.8180
.5748

Intercept Effect
.0949
9510

.1110

.3970

.9169

.1403

.6924

.1861

.5635

.2227

Log
Entry

Dust Pb
Loading

.0494

.0815

.3416

.0610

.2581

Log
Window
Dust Pb
Loading

.8739

.1331

.4395

.0144

.6430

Covahate Effect
CIN NT(O)
CIN SE1(?)
CIN SEI (P)
CIN SEI (P)
CIN SEI (P)

ONNT(M)
ONNT(G)
ONNT(M)
CINI-SE(D)
CINI-SE<F)

.9754

.5155

.8118

.3838

.6102

.4978

.9633

.4789

.9945

.6906

.0496

.7537

.0803

.4317

.9691

.2925

.8128

.2221

.3684

.2797

.2720

.3314
6066

.1133

.3975

.5571

.3686

.3659

.0251

.6734
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TABLE B-28. P-VALUES FOR TABLE 5-30. LONGITUDINAL STRUCTURAL
EQUATION MODELS REGRESSION COEFFICIENTS IN BOSTON STUDY

FREE BLOOD LEAD PERSISTENCE FACTOR
REGRESSION COEFFICIENT

Predictor
Vanable

MODEL
1

MODEL
2

MODEL
10

RESPONSE VARIABLE: BLOOD

Intercept

Soil Pb
Round 3

Dust Pb
Cone.
Round 3

ALL
BOS
BOS
BOS
ALL
BOS
BOS
BOS

ALL
BOS
BOS
BOS

GROUPS
SPI
PI-S
P-S
GROUPS
SPI
PI-S
P-S

GROUPS
SPI
PI-S
P-S

0.

0.

0.

Blood Lead Round 1

4767

3463

7575-

0.0710

0

0
0
0
0

.7504

.9693

.4404

.7376

.8584

0.1794

0.8488

0.9943

0.9944
0.7467
0.8365
0.4960

RESPONSE VARIABLE: BLOOD
Intercept
Soil Pb Round
Dust Pb Round

1
1

0.0001
0.1934
0.0191

0.0001
0.1831
0.0400

RESPONSE VARIABLE: FLOOR
Intercept
Soil Pb Round 1
Window Dust Pb Round 1

0.
0.

0.

0001
1110

0001

0.0001
0.1921

0.0001

0.0001
0.6006
0.8170

DUST LEAD
0.0001
0.6307

0.0001

MODEL
11

LEAD ROUND 3
0.8468

0.9943

0.9942
0.7466
0.8341
0.4942

MODEL
17

0.8530
0.5376
0.4464
0.9746

x.

0.0055

0.3964
LEAD ROUND 1

0.0001
0.6042
0.8209

CONCENTRATION
0.0022
0.6234

0.0001

RESPONSE VARIABLE: FLOOR DUST
CONCENTRATION ROUND 3

Intercept

SoilPb
Cone.
Round 3

Window
Round 3

ALL
BOS
•Of

ALL
BOS
BOS
BOS

GROUPS
SPI
PI-S
P-S
GROUPS
SPI
PI-S
P-S

Dust Pb Cone.

0.

0.

0.

0001

0001

0077

0.0001

0.0001

0.0135

0.0001

0.0001

0.0076

LEAD

0.0001
0.6734
0.8706

0.8352
0.4355
0.2045

0.0001
0.1672
0.0183

ROUND 1
0.0002
0.9375

0.0001

0.0001

0.0003

0.0697

B-22



TABLE B-29. P-VALUES FOR TABLE 5-32. LONGITUDINAL STRUCTURAL
EQUATION MODELS REGRESSION COEFFICIENTS IN BOSTON STUDY

USING FIXED BLOOD LEAD PERSISTENCE FACTOR
REGRESSION COEFFICIENT

Predictor
Variable

MODEL MODEL
1 2

MODEL
10

MODEL
11

MODEL
17

MODEL
30

RESPONSE VARIABLE: BLOOD LEAD ROUND 3
ALL GROUPS
BOS SPI
BOS PI-S
BOS P-S

j^j ALL GROUPS
Pb BOS SPI
Round 3 BOS PI-S

BOS P-S

Floor ALL GROUPS

Dust Pb BOS SPI
Cone. BOS PI-S
Roung 3 BQS p 5

Blood Pb Round 1

0.0269 0.0318

0.1503
0.6401
0.1294
0.0757

0.0568' 0.1917

0.1524

0.6593

0.1311
0.0507
0.0291

0.1021

0.3903

0.2348
0.0221
0.0312

0.8045
0.0327
0.0269
0.5743

0.0468

0.9768
0.0119
0.0200
0.3162

0.0437

RESPONSE VARIABLE: BLOOD LEAD ROUND 1
Intercept
Soil Pb Round 1
Dust Pb Round 1

0.0001 0.0001
0.3330 0.3255
0.7917 0.7907

0.0001
0.4958
0.5487

0.0001
0.8490
0.5383

0.0001
0.4735
0.6413

0.0001
0.7502
0.6100

RESPONSE VARIABLE: FLOOR DUST LEAD
CONCENTRATION ROUND 1

Intercept
Soil Pb Round 1
Window Dust Pb Round 1

0.0001 0.0001
0.1372 0.1323
0.0001 0.0001

0.0001
0.2802
0.0001

0.0001
0.1824
0.0001

0.0001
0.3020
0.0001

0.0001
0.1927
0.0001

RESPONSE VARIABLE: FLOOR DUST LEAD
CONCENTRATION ROUND 3

ALL GROUPS
BOS SPI

to«re*pt ggg pj^

•OS P-S
Soil Pb ALL GROUPS
Cone. BOS SPI
ROUnd 3 BOS PI-S

BOS P-S
Window Dust Pb
Cone. Round 3

0.0001 0.0001

0.0001 0.0001

0.0079 0.0082

0.0001

0.0001

0.0062

0.0001
0.8698
0.3021

0.3886
0.2298
0.3883

0.0157

0.0001

0.0001

0.0107

0.0001
0.5948
0.5005

0.3506
0.3651
0.2386

0.0166
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TABLE B-30. P-VALUES FOR TABLE 5-34. LONGITUDINAL STRUCTURAL
EQUATION MODELS REGRESSION COEFFICIENTS IN BOSTON STUDY

USING FIXED BLOOD LEAD PERSISTENCE FACTOR FOR MALES
REGRESSION COEFFICIENT

Predictor
Variable

MODEL MODEL
1 2

MODEL MODEL
10 11

RESPONSE VARIABLE: BLOOD LEAD
ALL GROUPS
BOS SPI

lttUKe* BOS PI-S
BOS P-S
ALL GROUPS

5011 Pb BOS SPI
RoUDd 3 BOS P.-S

BOS P-S
ALL GROUPS

Floor Dust BQS sp,

Roumn BOS PI"S

BOS P-S
Blood Pb Round 1

0.0002 0.0086

0.0001
0.6309
0.0001
0.0307

0.4309 0.4235

0.0513 0.0088

0.3791 0.9339

0.1533 0.6422
0.3364 0.3385
0.1506 0.3398

RESPONSE VARIABLE: BLOOD LEAD
Intercept
Soil Pb Round 1
Dust Pb Round 1

0.0001 0.0001
0.0034 0.0042
0.8835 0.6506

0.0001 0.0001
0.0127 0.4435
0.7607 0.3940

MODEL
17

ROUND 3

0.1630
0.0120
0. 1089
0.3859

0.1455

ROUND I
0.0001
0.0061
0.6529

MODEL
30

0.0717
0.0031
0.0285
0.9301

0.2619

0.0001
0.3653
0.3225

RESPONSE VARIABLE: FLOOR DUST LEAD CONCENTRATION
ROUND 1

Intercept
Soil Pb Round 1
Window Dust Pb Round 1

0.0001 0.0001
0.2664 0.2448

0.0001 0.0001

0.0001 0.0609
0.3570 0.412

0.0001 0.0001

0.0001
0.3282

0.0001

0.0479
0.0440

0.0001

RESPONSE VARIABLE: FLOOR DUST LEAD
CONCENTRATION ROUND 3

ALL GROUPS
rM BOS SPI
"^ BOS PI-S

BOS P-S
Soil Pb ALL GROUPS
COOC. RTK 3PTOvO jr 1
ROUDd 3 BOS PI-S

BOS P-S
Window Dust Pb Cooc.
Round 3

0.0001 0.0001

0.0001 0.0001

0.3830 0.5289

0.0001
0.0001
0.362
0.7345

0.0001
0.2240
0.8994
0.0243

0.6332 0.0267

0.0001

0.0001

0.3282

0.0001
0.0573
0.7002

0.2593
0.7696
0.0207

0.0415
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TABLE B-31. P-VALUES FOR TABLE 5-36. LONGITUDINAL STRUCTURAL
EQUATION MODELS REGRESSION COEFTICIENTS IN BOSTON STUDY
USING FIXED BLOOD LEAD PERSISTENCE FACTOR FOR FEMALES

REGRESSION
Predictor
Variable

MODEL
1

MODEL
2

MODEL
10

RESPONSE VARIABLE:

Intercept

SoU Pb
Round 3

Floor Dust
Pb Cone.
Round 3

ALL
BOS
BOS
BOS
ALL
BOS
BOS
BOS
ALL

BOS
BOS

GROUPS
SPI
PI-S
P-S
GROUPS
SPI
PI-S
P-S
GROUPS
SPI
PI-S
P-S

0.1339

0.1015

0.0422

0.0463

0.5711
0.3810
0.1018
0.2234

0.0713

0.8050

0.4793
0.0549
0.0427

COEFFICIENT
MODEL

11
MODEL

17
MODEL

30
BLOOD LEAD ROUND 3

0.8430

0.8166

0.0337
0.0003
0.0031

0.1088
0.0283
0.0016
0.4828

0.9175

0.7959
0.4893
0.4179
0.7927

0.0029

Blood Pb Round 1
RESPONSE VARIABLE:

Intercept
Soil Pb Round 1
Dust Pb Round 1

0.0001
0.9857
0.1127
RESPONSE

0.0001
0.9177
0.1609

VARIABLE

0.0001
0.8133
0.3534
FLOOR

BLOOD LEAD ROUND 1
0.0001
0.3281
0.0609

DUST LEAD

0.0001
0.8552
0.2571

0.0001
0.3401
0.0443

CONCENTRATION
ROUND 1

Intercept
Soil Pb Round I
Window Dust
Round 1

Pb

0.0001
0.0586
0.0034

RESPONSE

0.0001
0.1121

0.0013

VARIABLE

0.0002
0.1854

0.0001

FLOOR

0.0003
0.1529

0.0006

DUST LEAD

0.0003
0.2059

0.0001

0.0003
0.1702

0.0009

CONCENTRATION
ROUND 3

Intercept

SoilPb
Cooc.
Round 3

Window Dust
Cooc. Round

ALL
BOS
BOS
BOS
ALL

JM

BOS

BOS

Pb
3

GROUPS
SPI
PI-S
P-S
GROUPS

SPI

PI-S

P-S

0.0001

0.0086

0.7834

0.0001

0.0156

0.7313

0.0001

0.0398

0.6324

0.2191
0.6655
0.6745

0.1871

0.9655

0.9279

0.2873

0.0001

0.0192

0.5848

0.2695
0.6518
0.6479

0.1515

0.9565

0.9338

0.3209
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TABLE B-32. P-VALUES FOR TABLE 5-38. LONGITUDINAL STRUCTURAL
EQUATION MODELS REGRESSION COEFFICIENTS IN BOSTON STUDY

USING FIXED BLOOD LEAD PERSISTENCE FACTOR FOR AGES 18-41 MONTHS
REGRESSION COEFFICIENT

Predictor
Variable

MODEL
1

MODEL MODEL
: 10

MODEL
11

MODEL
17

MODEL
30 UNITS

RESPONSE VARIABLE: BLOOD LEAD ROUND 3

ALL
GROUPS

Intercept BOS SPI
BOS PI-S
BOS P-S
ALL

Soil Pb GROUPS
Round 3 BOS SPI

BOS PI-S
BOS P-S
ALL

Floor GROUPS
Dust n BOS SPI
Cone.
Round3 BOS PI-S

BOS P-S
Blood Pb Round 1

Intercept
Soil Pb Round 1
Dust Pb Round 1

Intercept
Soil Pb Round 1
Window DM Pb
Round 1

ALL
GROUPS

Intercept BOS SPI
BOS PI-S
BOS P-S

0.0074

0.2395

•

0.2386

0.0001
0.9807
0.7040

RESPONSE

0.0001
0.2118

0.0001

RESPONSE

0.0001

0.0290

0.4125
0.2681
0.5112

0.2375

RESPONSE
0.0001
0.8312
0.9488

VARIABLE:

0.0001
0.1550

0.0001

VARIABLE:

0.0001

0.0935

0.2787

0.2091
0.0451
0.0452

0.64%

0.0460

0.1066
0.0033
0.0087

VARIABLE: BLOOD

0.0001
0.7984
0.7331

FLOOR

0.0001
0.4371

0.0001

FLOOR

0.0001

0.0001
0.6676
0.4729

DUST LEAD

0.0001
0.8325

0.0001

DUST LEAD

0.0001
0.6513
0.8737

0.6781
0.0079
0.0093

0.2337

0.0710

07693
00209
0.0166

0.0797

0.0442

LEAD ROUND 1
0.0001
0.7772
0.9239

0.0001
0.8262
0.7176

CONCENTRATION ROUND 1

0.0001
0.4744

0.0001

0.0001
0.7428

0.0001

CONCENTRATION ROUND 3

0.0001

0.0001
0.7169
0.9172
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TABLE B-32. P-VALUES FOR TABLE 5-38 (coot'd). LONGITUDINAL
STRUCTURAL EQUATION MODELS FOR: REGRESSION COEFFICIENTS
IN BOSTON STUDY USING FIXED BLOOD LEAD PERSISTENCE FACTOR

FOR AGES 18-41 MONTHS
REGRESSION COEFFICIENT

Predictor
Variable

SoilPb
Cooc.
Round 3

Window

ALL
GROUPS
BOSSPI
BOS PI-S
BOSP-S

Dust Pb

MODEL
1

0.0001

0.0036

MODEL
2

0.0001

0.0033

MODEL
10

0.0001

0.0106

MODEL
11

0.0065
0.8239
0.6024

0.0011

MODEL
17

0.0001

0.0127

MODEL
30 UNITS

0.0136
0.8635
0.6551

0.0030Cone. Round 3
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TABLE B-33. P-VALUES FOR TABLE 5-40. LONGFTUDINAL STRUCTURAL
EQUATION MODELS REGRESSION COEFFICIENTS IN CINCINNATI STUDY

USING FIXED BLOOD LEAD PERSISTENCE FACTOR

Predictor
Variable

REGRESSION COEFFICIENT
MODEL MODEL MODEL MODEL

1 5 6 J5
MODEL

J6 UNITS
RESPONSE VARIABLE BLOOD LEAD ROUND 4

ALL GROUPS

CIN I-SE(D)

Intercept CIN l-SE(F)
CIN NT(G)
CIN NT(M)
CIN SEI(P)

Floor Dust Pb Round 4
Soil Pb Round 4
Blood Pb Round 1 (Fixed)

0.0050 0.0827 0.4888
0.8904

0.1178
0.0328
0.0469
0.9332

0.0038 0.0020 0.0001 0.0012
0.9681 0.6385 0.5356
'

0.2241

0.4976
0.3122
0.0304

0.0919
0.0011

RESPONSE VARIABLE: BLOOD LEAD ROUND 1
Intercept .ALL GROUPS

CIN I-SE(D)
CIN I-SE(F)
CIN NT(G)
CIN NT(M)
CIN SEI(P)

Floor Dust Pb Round 1
Soil Pb Round 1

Intercept ALL GROUPS
CIN I-SE(D)
ON I-SE(F)
ONNT(G)
ONNTCM)
CIN SE1(P)

Window Dost Pb
Round 1
Soil Pb Round 1

0.0001 0.0001 0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

0.481 0.0801 0.0230 0.0004
0.8027 0.0460 0.0677

RESPONSE VARIABLE: FLOOR DUST LEAD
ROUND 1

0.0001 0.0001 0.0001
0.0001
0.0659
0.0119
0.0001
0.0011

0.0002 0.0006 0.0003 0.0001

0.0025 0.0089 00040

0.0001
0.0001
0.0001
0.0001
0.0001
0.0023

CONCENTRATION

0.0002
0.1975
0.0223
0.0001
0.0029

0.0001
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TABLE B-33. P-VALUES FOR TABLE 5-40 (coot'd). LONGITUDINAL
STRUCTURAL EQUATION MODELS REGRESSION COEFFICIENTS

IN CINCINNATI STUDY USING FIXED BLOOD LEAD PERSISTENCE FACTOR
REGRESSION COEFFICIENT

Predictor
Variable

MODEL
1

MODEL
5

MODEL
6

MODEL
J5

MODEL
J6 UNITS

RESPONSE VARIABLE: FLOOR DUST LEAD CONCENTRATION
ROUND 1

Intercept ALL GROUPS
CIN I-SE<D)
CIN I-SE<F)
CIN NT(G)
CIN NT(M)
CIN SEI(P)

Window Dust Pb
Round 1
Soil Pb Round 1

RESPONSE VARIABLE: FLOOR DUST LEAD CONCENTRATION
ROUND 4

Intercept

Window

ALL GROUPS 0.0001
CIN I-SE(D)
CIN I-SE<F)
CIN NT(G)
CIN NT(M)
CIN SEI(P)

Dust Pb Round 1 0.0001

0.0001
0.0001
0.0002
0.0818
0.0001
0.0001

0.0001
0.0002
0.0001
0.4535
0.0001
0.0001

0.0001
0.0001
0.0001
0.4119
0.0001
0.0001

0.0001
0.0009
0.0001
0.4972
0.0001
0.0001

Soil Pb Round 1 0.0107

.0.1. OTTICI: 1W-7S2-J«0/»»0**
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